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Notice

Please note that source, special nuclear, and byproduct materials, as defined in the Atomic Energy Act of

1954 (AEA), are regulated at the US Department of Energy (DOE) facilities exclusively by DOE acting

pursuant to its AEA authority. DOE asserts, that pursuant to the AEA, it has sole and exclusive

responsibility and authority to regulate source, special nuclear, and byproduct materials at DOE-owned

nuclear facilities. Information contained herein on radionuclides is provided for process description

purposes only.
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1 Acronyms and Abbreviations

2 ADD average daily dose

3 AE absorption efficiency

4 AEGL acute exposure guideline levels

5 AHQ acute hazard quotient

6 AIEC acute inhalation exposure criteria

7 AR arylhydrocarbon receptor

8 AREC acute radionuclide exposure criteria

9 AREL acute reference exposure levels

10 ATSDR Agency for Toxic Substances and Disease Registry

11 AUF area use factor

12 BAF bioaccumulation factor

13 BCF bioconcentration factor

14 BEF bioaccumulation equivalency factor

15 BLM US Bureau of Land Management

16 CaIEPA California Environmental Protection Agency

17 CDE committed dose equivalent

18 CFR Code ofFederal Regulations

19 CLUP Comprehensive Land- Use Plan

20 COPC chemical of potential concern

21 CSM conceptual site model

22 CTUTR Confederated Tribes of the Umatilla Indian Reservation

23 DCF dose conversion factor

24 DEM digital elevation model

25 DNA deoxyribonucleic acid

26 DOE US Department of Energy

27 DQO data quality objective

28 DST double-shell tank

29 ECF elevation correction factor

30 Ecology Washington State Department of Ecology

31 EPA US Environmental Protection Agency

32 EPC exposure point concentration
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I ERA ecological risk assessment

2 ERPG Emergency Response Planning Guidelines

3 ESU evolutionarily significant unit

4 ETF Effluent Treatment Facility

5 FCM food chain multiplier

6 FEALE Fitzner-Eberhardt Arid Lands Ecology Reserve

7 FGR Federal Guidance Report

8 FR Federal Register

9 FRA final risk assessment

10 FWS US Fish and Wildlife Service

11 GAF gastrointestinal absorption factor

12 HEAST Health Effects Assessment Summary Table

13 HEME high-efficiency mist eliminator

14 HEPA high-efficiency particulate air

15 HHRA human health risk assessment

16 HHRAP Human Health Risk Assessment Protocol

17 HI hazard index

18 HLW high-level waste

19 HQ hazard quotient

20 IAEA International Atomic Energy Agency

21 IHLW immobilized high-level waste

22 ILAW immobilized low-activity waste

23 ILCR incremental lifetime cancer risk

24 IRIS Integrated Risk Information System

25 ISCST3 Industrial Source Complex Short Term Model, Version 3

26 ISMS integrated safety management system

27 IX ion exchange

28 LADD lifetime average daily dose

29 LAW low-activity waste

30 LERF Liquid Effluent Retention Facility

31 LOAEL lowest observed adverse effect level

32 MM5 Mesoscale Model 5

33 MSL mean sea level
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I MTCA Model Toxics Control Act

2 MW molecular weight

3 NAAQS National Ambient Air Quality Standard

4 NAWQC National Ambient Water Quality Criteria

5 NCEA National Center for Environmental Assessment

6 NOAEL no observed adverse effect level

7 ORP Office of River Protection

8 OSHA Occupational Safety and Health Administration

9 OSWER Office of Solid Waste and Emergency Response

10 PAH polycyclic aromatic hydrocarbons

11 PCB polychlorinated biphenyl

12 PCDD polychlorinated dibenzo-p-dioxin

13 PCDF polychlorinated dibenzofnran

14 pCi picocurie

15 PEF particulate emission factor

16 PiC product of incomplete combustion

17 PdM pulse jet mixer

18 PRA pre-demonstration test risk assessment

19 PSD prevention of significant deterioration

20 QF quality factor

21 RAWP risk assessment work plan

22 RF risk factor

23 RCF root concentration factor

24 RfC reference concentration

25 RfD reference dose

26 RFD reverse flow diverter

27 RME reasonable maximum exposure

28 ROD Record of Decision

29 ROPC radionuclide of potential concern

30 RPF relative potency factor

31 SBS submerged bed scrubber

32 SF slope factor

33 SFr soil or sediment ingestion fraction
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SLERA screening-level ecological risk assessment

SLERAP Screening-Level Ecological Risk Assessment Protocol

SLRA screening-level risk assessment

SP sediment-to-plant

SVOC semivolatile organic compound

T&E threatened and endangered

TAP toxic air pollutant

TCDD tetrachlorodibenzo-p-dioxin

TCDF tetrachlorodibenzofuran

TEEL temporary emergency exposure limits

TEF toxicity equivalency factor

TEQ toxic equivalency

TIC tentatively identified compound

TRU transuranic
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TSS total suspended solids

TUF temporal use factor

UHC underlying hazardous constituent

UR unit risk
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USLE Universal Soil Loss Equation

UTS Universal Treatment Standards
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Glossary

abiotic - non-living; used to describe air, soil, sediment, and water to which receptors may be exposed
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anadromous - describing fish that spend most of their adult lives in salt water and migrate to freshwater
rivers and lakes to reproduce.

Ba - biotransfer factor for an animal product, expressed as the ratio of the chemical concentration in fresh
weight tissue to the daily intake of the chemical by the animal.

Bab,,f - biotransfer factor for beef, expressed as the ratio of the chemical concentration in fresh weight
tissue to the daily intake of the chemical by beef cattle.

Ba.h;,k,„- biotransfer factor for chickens, expressed as the ratio of the chemical concentration in fresh
weight tissue to the chemical intake from the feed by chickens.

Ba.bs - biotransfer factor for eggs, expressed as the ratio of the chemical concentration in fresh weight
tissue to the chemical intake from the feed by chickens.

Bam;ik- biotransfer factor for milk, expressed as the ratio of the chemical concentration in fresh weight
tissue to the daily intake of the chemical by milk cows.

BaP,,,k- biotransfer factor for pork, expressed as the ratio of the chemical concentration in fresh weight
tissue to the daily intake of the chemical by swine.

BAF-6 - terrestrial invertebrate bioaccumulation factor, used to calculate the transfer of a chemical from
soil to a terrestrial invertebrate.

BAc -TP - mammal or bird bioaccumulation factor, used to calculate the transfer of a chemical from a
plant to a mammal or bird; the factor is specific to each receptor because it includes the daily intake of
plants by the receptor.

BAc-Ta - mammal or bird bioaccumulation factor, used to calculate the transfer of a chemical from soil
or sediment to a mammal or bird; the factor is specific to each receptor because it includes the daily

intake of soil or sediment by the receptor.

BAc-TN, - mammal or bird bioaccumulation factor, used to calculate the transfer of a chemical from
ingested water to a mammal or bird; the factor is specific to each receptor because it includes the daily
intake of water by the receptor.

BA6F - benthic invertebrate bioaccumulation factor, used to calculate the transfer of a chemical from
sediment to a benthic invertebrate.

BCc rsh - fish bioconcentration factor, used to calculate the transfer of a chemical from surface water to a
fish.

Page x



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

BCF;,,,, - aquatip invertebrate bioFronFentration faptor, used to Fa.lFulate the transfer of aFhemiFz.l from
surface water to an aquatic invertebrate.

BEF - the ratio of bioaFFumulation of a polyphlorinated dibenzodioxin or dibenzofuran Cl nC to the
bioaccumulation of 2,3,7,8-tetrachlorodibenzo-p-dioxin.

BenthiF- having to do with sediment at the bottom of a stream, pond, river, or lake.
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BioaFFumulation faFtor (BAF) - uptake faFtor for direFt and indireFt transfer of Ffiemibals from abiotiF
medium and food to an organism, expressed as the ratio of the concentration of a chemical in an organism
and the concentration of the chemical in an abiotic medium that is a direct source of the chemical for the
organism and whiFh the organism's food is also exposed.

BioFronFentration faFtor (BCF) - uptake faFtor for direct transfer of chemicals from abiotic medium only
to an organism, expressed as the ratio of the concentration of a chemical in an organism and the
concentration of the chemical in an abiotic medium that is a direct source of the chemical for the
organism.

BiomagnifiFation faFtor (BO F) - the ratio of the Froncentration of a chemical in a consumer and the
concentration of the chemical in its food.

Br - soil-to-plant uptake faFtor; uptake is through roots or root hairs.

Br,e - soil-to-plant uptake fal.tor for aboveground plants, aFFuunting for the uptake from soil and the
subsequent transport of chemicals through the roots to the aboveground parts of a plant.

Brroon,,s- soil-to-plant uptake factor for chemicals in root vegetables, accounting for the uptake from soil
to the belowground root vegetable or produce.

BW - total body weight of a repeptor.

C, FonFentration of a C2 3 C or 5 2 nC in the tissue of an animal receptor resulting from ingestion of
contaminated soil, sediment, water, and food.

C,;, - FronpZntration of a C2 3 C or 5 23C in air resulting from t q mairborne emissions.

CAL38 FF - an air dispersion model. 7 his model handles winds more realistically than the fpCpq 3
model.

Carnivore - an animal that eats other animals.

Cf,abr - modeled Fronbzntration in forage.

Cs,,;,, - modeled FronFentration in grain.

Cp - FronFentration of a C2 3 C or o 1MC in plants resulting from uptake of t q mairborne emissions
directly and from soil.
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I Cp, - concentration of a COPC or ROPC in soil pore water resulting from deposition of t TP airborne
0 emissions.
P
4 Conservation of p ass - The conservation of p ass is a fundap ental concept of physics. Within a defined
R system, the amount of mass remains constant (that is, mass cannot be created from nothing). c or this
6 discussion, the defined system is the release of chemical emissions from the t TP, subsequent deposition
T to soil, and uptake into biological organisms.

10
11
10
1P
14
1R
16
1T
18
19
GO
01
CD
CP
01
CR
C6
or
CS
W
P0
P1
PO
PP
P4
PR
P6
PT
P8
P9
40
41
40
4P
44
4R
46
4T
48
49

Conservative -used in the o At P to refer to conditions that implicitly or explicitly overestimate
exposure. fn some cases the word "conservative" is used to refer to procedures that result in higher risks
than would have been calculated by explicitly using methods in the guidance.

Cl PC - chemical of potential concern.

Co }o„ec - consup ption rate of forage by a receptor (1Dantity consup ed per day).

Co consup ption rate of grain by a receptor (7uantity consup ed per day).

Co consup ption rate of silage by a receptor (Tuantity consup ed per day).

Co consup ption rate of soil by a receptor (Tuantity consup ed per day).

Cs - p odeled concentration in soil or sedip ent.

Cs;i,br - p odeled concentration in silage.

Cso;i - p odeled concentration in soil.

DC) - dose conversion factor, a p ultiplier used to convert the concentration of an ROPC in air, soil, or
water to the external radiation dose absorbed by a receptor.

Default - a predeterp ined nup erical value that is used in place of a p issing value.

Dose - the ap ount of a chep ical taken in by an organisp.

Driver - a COPC or ROPC that contributes 10 % or more of the threshold incremental lifetime cancer risk
for human risk, or 10 % or more of the threshold hazard index for human or ecological risk.

( xposure duration - tip e period over which a receptor is exposed.

) eed -) or the anip als included in this discussion (cattle, wild gap e, swine, poultry, and wildfowl), feed
may include forage, grain, or silage.

fo^ - fraction of the dry p ass of soil consisting of organic carbon, for exap ple, particle-bound, dissolved,
or emulsified organic chemicals and decaying plant and animal material.

) ood chain - a se7Dence of discrete feeding relationships between different species populations or groups
of similar organisms.
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Food chain multiplier (FCM) - the ratio of the concentration of a substance in the tissue of an animal
(consumer or predatorFand the concentration in the abiotic medium at the base of the food chain (i.e.,
soil, water, sedimentF. nbr the EmA guidance, this is the preferred technique for ecological evaluation of
terrestrial food chains even though it was originally developed in aquatic food chains. The ratio of tissue
concentrations in predator and prey is given by c CMp,ea,tor/c CMP,^

7 Hanford offsite maximum - location of maximum predicted ground-level concentrations of both airborne
8 and deposited emissions outside the e anford Pite boundary. This location will have the highest modeled
9 exposures on land that a 1 E does not control.
IM
11 HerFivore - an animal that eats primarily plant material.
12
13 e uman e ealth 0 isk Assessment nYotocol (e e o ArrF- the human health risk assessment guidance
14 document (Enik 1998a in section l 1 F.
15
16 '/ C5 - incremental lifetime cancer risk.
17
18 'nsectivore - an animal that eats primarily insects and other inverteFrates.
19
2M '6C673 - 'ndustrial 6ource Complex 6hort-7erm Model; an earlier air dispersion model used By the
21 t Tn; now replaced by CAi or c c,

22

23 -oule-heated - heated By passing an electric current directly through the material.
24

25 h ds - soil-water partitioning coefficient.. 3 er ( 3A 1999a (see section 11) ' d, "descriFes the partitioning
26 of a compound between soil pore-water and soil particles, and strongly influences the release and
27 movement of a compound into the suEsurface soils and underlying aTuifer". 't is used here to model the
28 movement of chemicals from soil into plant roots.
29
3M h o^ - soil organic carEon-water partitioning coefficient (concentration of chemical in soil, expressed as
31 soil carbon, relative to its solubility in waterE
32
33 h ow - octanol/water partitioning coefficient (ratio of the solute concentration in the water-saturated
34 octanol phase to the solute concentration in the octanol-saturated water phaseF.
35
36 / 2 A( /- the lowest dose of a toxic chemical that caused an oFservaF7e adverse effect in a toxicity test
37 on the endpoint being measured; if the range of doses tested did not include a dose low enough to cause a
38 k I AEi , it is not possible to determine how close the i I AEi is to a no adverse effect level dose.
39
4M Mass density - the weight of material in a unit area given a specified soil depth.
41
42 Mass-limited uptake factor - an uptake factor that results in 100 % of an availaEle chemical Feing
43 transferred into a biological receptor but no more.
44
45 mGy - milliGray, a unit of aFsorEed radiation eTual to 0.001 -oule/kg.
46
47 1 2 A( /- the highest dose of a toxic chemical that did not cause any oFservaDe adverse effect in a
48 toxicity test on the endpoint being measured; if the range of doses tested did not include a dose high
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I enough to cause a LOAEL, it is not possible to determine how close the NOAEL is to an adverse effect
2 level.

4 2 mnlvore - an anlma0that eats Eoth pQnts and anlma®.
5
6 2 nslte ground maxImum - location of maximum predicted ground-level concentrations of both airborne
7 and deposited emissions on the e anford Pite. This location will have the highest modeled exposures for
8 current workers on the e anford Pite, for potential future residents on the e anford Pite, and for ecological
9 receptors.

10
11 3 QnNlvorous - descrlElz,g fish that eat pQnNon.
12
13 3 QusIE@ - descrlQng exposure scenarlos for receptors that currentg exlst, or may reasonaEC}T Ee
14 expected to exist in the future, at a given location (for example, a future resident at the e anford offsite
15 maximum location). Exposure parameters for plausible scenarios are conservative.
16
17 3 roduct of lucomp®te comEustlon (3' C) - a chemlcaCproduced when comEustIon of an organIc C2 3 C
18 does not completely convert the COnC to carbon dioxide and oxides of nitrogen, sulfur, and/or any other
19 element that makes up the chemical structure of the COUC.
20

21 4)- a factor that descrlEes the reQtIve EIo®glcaChctlvlty (Le., qua(6ty) of a(r2ha radiation compared to

22 gamma radiation.

23
24 rad - a unlt of aEsorEed radlatlon eTuaCto 0.01 -ou@N.
25
26 5 C) -root concentration factor, used to caOuQte the belowground transfer of a chemical from the soil to
27 a root vegetable.
28
29 o a Ext,;r - externaQadlatlon dose (rad/d) from alrEorne 5 2 3 Cs surrounding the receptor.
30
31 o a Exts,d -externaQadiatlon dose (rad/d) from 5 2 3 Cs In sedlment; receptor either Is Tmmersed In
32 sediment or is on or near the surface of the sediment.
33
34 o a Ext,o,, - externaQadiaticm dose (rad/d) from 5 2 3 Cs In soil to a receptor that either is immersed in soil
35 or is on or near the surface of the soil.
36
37 o a ExtH,,,.r;mm - externaQadlatl:on dose (rad/d) from 5 2 3 Cs In water to a receptor that Is Immersed In
38 water.
39
40 o a Extw,.,,P,ox - externaCTadlatlon dose (rad/d) from 5 2 3 Cs in water to a receptor that is above but near
41 the surface of the water.
42
43 5 D' nt - hiternaQadiation dose (rad/d) to an organTsm that has incorporated 5 2 3 Cs.
44
45 5 egresslon - a mathematlcaQnethod that determines how closely an equation fits a series of data points.
46 0 egression can be used to derive a generalized equation from a number of observed values, for example,
47 the equations to calculate bioaccumulation factors from log h , values.
48
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45
4S
47
48
49

Sensitive species EC20 - a benchmark calculated from chronic toxicity test data that is intended to allow
no more than a 20 % reduction in weight or number of offspring in 95 % of species.

Slope factor - plausible upper-bound estimate (for chemicals) and central estimate ffor radionuclides) of
the probability of a cancer response per unit intake over a lifetime.

S) r - soil fraction is the ratio of the soil ingestion rate to the sum of the plant and animal ingestion rates.

SLE5 A3 - screening-level ecological risk assessment protocol; the ecological risk assessment guidance
document 1b ITA 1999a in section 11).

Soil pore water - water in the interstitial spaces between the mineral and organic particles of soil.

S3 - sediment-dwelling plant bioconcentration factor, used to calculate the transfer of a chemical from
sediment to a sediment-dwelling plant.

S3 v- plant bioconcentration factor, used to calculate the transfer of a chemical from soil to a soil-
dwelling plant.

Steady state - the condition where the value of a variable does not change through time.

Surrogate - a chemical with known bioaccumulation or toxicity factors which are used in lieu of those
factors for a Cl TpC for which the factors are not known. The surrogate is sufficiently chemically similar
to the Cl nC that the Cl MC is expected to have similar bioaccumulation or toxicity factors to those of the
surrogate.

7 arget analyte - an analyte that is expected to occur in W73 airborne emissions and can readily be
identified and quantified by chemical analytical methods that will be used at the t Tn!

7&E species - plant and animal species that have been designated by law as threatened or endangered.

7 E) - the ratio of toxicity of a polychlorinated dibenzodioxin and dibenzofuran Cl nC to the toxicity of
2,3,7,8-tetrachlorodibenzo-p-dioxin.

7 entatively identified compound - a compound that is detected in environmental samples that is not a
target analyte. TfCs are identified generally as a result of using mass spectrometry techniques. t hen a
TfC is identified, it can be definitively identified by analyzing an authentic standard of the putative
unknown.

7 illed soil - soil evenly mixed down to a depth of 20 cm.

8 ntilled soil - soil evenly mixed down to a depth of 1 cm.

8 ptake factor- the ratio of a chemical concentration in one environmental medium to its concentration in
another.

Wetland - an area whose soil is saturated with water; saturation causes low oxygen concentrations in the
soil and results in the growth of plants specialized to live with low oxygen levels.
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I Worst-case - describing exposure scenarios for receptors that are not reasonably expected to exist now or
2 in the future at the specified location (for example, a future resident at the onsite ground maximum
3 location). bxposure parameters for worst-case scenarios are conservative.

4

5 W3 - aquatic plant concentration factor, used to calculate the transfer of a chemical from surface water to
6 an aquatic plant.
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Executive Summary

The purpose of this work plan is to provide the concepts, methods, and data to be used in an
environmental risk assessment. The intent of this environmental risk assessment is to ensure that the
airborne emissions from the Hanford Tank Waste Treatment and Immobilization Plant (WTP) will be safe
to anyone who lives near or works on or near the Hanford Site, to Native Americans who use resources on
or near the Hanford Site, and to plants and animals on or near the Hanford Site. It is important that
people and the environment are not harmed because potential exposures are overlooked or
underestimated, but it is also important to maximize the ability of the facility to dispose of the tank wastes
and to protect against the potential leakage from these tanks into the nearby Hanford Site soil,
groundwater, and ultimately the Columbia River. A balance of these goals will result from the interactive
process of reviewing and improving this work plan and subsequent documents that will contain the actual
environmental risk assessments. Indeed, each stage of this work will benefit from interactions with
regulatory agencies, Native American tribes, and the public to assure public health and to protect the
environment. These interactions are expected to be in the form of questions and comments about
methods and data, and other inputs.

Hanford tank wastes consist of approximately 54 million US gallons of highly radioactive and mixed
dangerous wastes that are managed by the US Department of Energy. The wastes consist of solids
(sludge), liquids (supernatant) and salt cake (dried salts that will dissolve in water to form supernatant).
The term low-activity waste (LAW) generally refers to the supernatant portion, while high-level waste
(HLW) usually refers to the solids; both of these waste categories are subsets of HLW. These wastes are
stored in underground holding tanks and will be pumped to the WTP. At the WTP, wastes will be
pretreated and immobilized using a technology called vitrification. Vitrification is a thermal process that
converts the waste materials into durable glass. The vitrified wastes and secondary wastes resulting from
the WTP processes will then be transferred to permitted treatment, storage, or disposal units. The WTP is
scheduled to be in operation for up to 40 years. During the pretreatment and vitrification of the various
types of wastes, some airborne emissions will be created. There are various engineered devices that will
control the nature and amounts of these emissions, but there will still be material in the form of vapors
and small particles that will be released via three tall stacks and several vents into the environment around
the WTP.

Once the vapors and particulates leave the facility stacks, they will be carried by air currents and
deposited on the surface of soil and vegetation around the WTP and on the surface of the Columbia River.
An air-dispersion model named CALPUFF will be used to calculate how the emitted chemicals and
radionuclides will be dispersed. Some of the material will enter terrestrial and aquatic food chains, and
people and animals can ingest the food that contains small amounts of material from the emissions. The
work plan contains details about these processes; pathways and exposures are defined in very explicit
ways so that a complete and quantitative risk assessment can be conducted. The work plan presents a
thorough explanation of these exposures via various pathways to a variety of receptors, from as many as
470 different chemicals and radionuclides.

The environmental risk assessment will define and evaluate risks, or the potential for harm, to human and
ecological receptors within various distances from the WTP. For example, the air-dispersion model will
model exposure depositions and concentrations within a 50 kilometer radius around the WTP. The area
within a 50 kilometer radius is predominantly located within Benton County in Washington State, and
includes parts of Franklin, Grant, Yakima, and Kittitas counties. The Tri-Cities, comprised of the cities of
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Richland, Kennewick, and Pasco, are adjacent to the southern edge of the Hanford Site. The Tri-Cities
area contains a population of approximately 192,000, the majority of whom reside between 30 kilometers
and 50 kilometers from the WTP Site. There are no permanent residents on the Hanford Site, but there
are workers. Native American tribes have treaty rights to resources on Hanford Site, and the
environmental risk assessment will evaluate potential risks from food gathering and social activities. A
variety of ecological receptors inhabit the Hanford Site. They include terrestrial and aquatic plants (the
basis of the food chains); terrestrial, aquatic, and sediment-dwelling animals; mammals and birds that eat
the terrestrial and aquatic plants and animals; and aquatic biota in the Columbia River. Thus, Hanford
Site-specific human and ecological receptors will be evaluated in the risk assessments, and there will be
two types of risk assessments: one focusing on humans (the human health risk assessment) and the other
focusing on plants and animals in the environment (the ecological risk assessment).

The human health risk assessment includes four fundamental steps: (1) data evaluation, (2) exposure
assessment, (3) toxicity assessment, and (4) risk characterization. These steps, as well as the collection of
considerable amounts of data and associated estimation methods, are specified by the Washington State
Department of Ecology and the US Environmental Protection Agency. The data evaluation step focuses
on the selection of the chemicals and radionuclides of potential concern and the quantification of
emissions; both of these are described fully in the work plan. Exposure assessment, the second step, deals
with estimating the type, extent, and magnitude of potential exposures. The types of human receptors that
will be used to calculate quantitative estimates of risk are also established at this step. These receptors are
the following: worker, resident (both adult and child), resident subsistence farmer (both adult and child),
resident subsistence fisher (both adult and child), Native American subsistence resident (both adult and
child), nursing infant, and a person who has an acute or short-term exposure. The geographical locations
where the people live and work and the exposure pathways are explained in the work plan. The third step
is a toxicity assessment, which involves evaluating the potential of the various chemicals and
radionuclides to cause adverse health effects in exposed individuals. The toxicity assessment will
consider the potential cancer and noncancer effects associated with contaminant exposures. Risk
characterization, the fourth step, involves evaluating the exposure and the toxicity information together to
estimate the potential for various humans under various conditions to experience adverse effects (cancer
and noncancer) as a result of being exposed to the media contaminated by emissions from the WTP.
Risks are presented as potential incremental lifetime cancer risk, or noncancer hazard quotients and
hazard indices. The information will be presented for each chemical and radionuclide, each pathway,
each set of exposures, and each receptor. In turn, these risk values will be compared to risk thresholds.
Thus, various comparisons will be possible in order to understand and make decisions about the
protection of human health.

The ecological risk assessment includes the same fundamental steps as the human health risk assessment,

although the first step is called problem formulation instead of data evaluation. As described above for

the human health risk assessment, these four steps follow a logical order, with additional methodical

substeps. Just as is the case for human health risk methods and data, the methods and the data for the

ecological risk assessment have been specified by regulatory agencies such as the Washington State

Department of Ecology and the US Environmental Protection Agency. As in the case of human health,

where Hanford Site-specific human receptors are being evaluated, Hanford Site-specific vegetation and

animals are also being evaluated. These receptors are organized into two types according to the habitat

type in which they live: the land or terrestrial habitats around the WTP site, and the aquatic habitats of the

Columbia River. For the terrestrial habitats, the following receptors will be used to quantify potential

risk: plants, soil invertebrates, herbivorous mammals and birds, omnivorous mammals and birds, and

carnivorous mammals and birds. For the Columbia River, the following aquatic receptors will be used:

plants, sediment-dwelling invertebrates, fish (including salmon) and other aquatic organisms, herbivorous
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waterfowl, shorebirds, and fish-eating mammals and birds. There is abundant information about the
feeding habits of these organisms and there is also considerable toxicity data. A quantitative
characterization will be provided for as many as 470 chemicals and radionuclides, assessing many
pathways in a variety of geographical places, and many exposures to a variety of ecological receptors.
The ecological risk assessment calculates exposure and effects ratios. These ratios, called hazard
quotients and hazard indices, are in turn compared to thresholds. There will be sufficient information to
make decisions about the protection of the environment.

Various types and degrees of uncertainty are introduced into the human health and ecological risk
assessments at every step of the process. This uncertainty occurs because risk assessment is a complex
process, requiring integration of source information, estimates of fate and transport in variable
environments, exposure assessment, and effects assessment. Uncertainty is inherent even when the most
accurate, up-to-date, and appropriate models are used. Throughout the risk assessments, an effort is made
to overestimate, rather than underestimate, the exposures and risks in order to compensate for these
uncertainties. The work plan explains how an uncertainty assessment will be used to place the risk
estimates in proper perspective to allow fully informed risk management decisions.

In summary, chemical and radionuclide contaminants present in underground tanks at the Hanford Site
need to be retrieved and treated before they leak into the nearby soil and groundwater, and possibly into
the Columbia River. The WTP processes to pretreat and vitrify the contents of underground tanks will
help to solve this potential problem. Emissions are expected from these waste treatment processes, and
this work plan shows the models and scientific data that will be used to characterize how separate
chemicals and radionuclides may move through the air, soil, surface water, sediment, and food chains
around the WTP in the Hanford Site environment. These airborne releases could potentially expose a
variety of human and ecological receptors to chemicals and radionuclides.

This work plan will benefit from inputs from regulatory agencies, Native American tribes, and the public.
After inputs are incorporated, the work plan methods and data will be implemented. Computations will
follow, and risk predictions will be compared to appropriate thresholds. These findings will be put into
proper perspective using an uncertainty assessment to allow fully informed risk management decisions.
These decisions will focus on protecting human health, plants, and animals while operating the WTP
successfully.
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1 Introduction

This risk assessment work plan (RAWP) presents the risk assessment protocol for evaluating potential
risks to human health and ecological resources from the Hanford Tank Waste Treatment and
Immobilization Plant (WTP) at the Hanford Site. The Hanford Site is located in southeastern Washington
State, is owned by the US government, and managed by the US Department of Energy (DOE), US Bureau
of Land Management (BLM), US Fish and Wildlife Service (FWS), and Washington State Department of
Fish and Wildlife. The WTP will include two waste vitrification facilities and a pretreatment facility, and
will be built in the 200 East Area of the Hanford Site.
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This work plan establishes the methods for conducting the screening-level risk assessment (SLRA) to
estimate potential risks to human health and ecological resources associated with airborne releases resulting
from processing Hanford tank waste into a stable, glassified form. Airborne releases are the only viable
pathway for receptor exposure; therefore, the US Environmental Protection Agency (EPA) guidance for
airborne releases is being used (see section 2). Other releases, such as releases to water and non-dangerous
solid waste disposal, are permitted through appropriate regulatory programs. Throughout the risk
assessment process, the intent is to ensure that the WTP is safe for people living or working on or near the
Hanford Site as well as safe for plants and animals.

The risk assessment, in conjunction with the other portions of the WTP Dangerous Waste Permit
(WA7890008967), will serve to:

• Establish operating conditions for the facilities

• Identify feed constituents that need to be controlled to stay below acceptable risk thresholds

• identify what monitoring of WTP components is required to verify permit compliance

The limits and monitoring requirements established as a result of the risk assessment process are not the
only inputs required for control and operation of the WTP. Other inputs will include:

Equipment control limits and monitoring established as a result of experience with operations from
similar DOE vitrification facilities including: the West Valley Demonstration Project in West Valley,
New York, and the Defense Waste Processing Facility at the Savannah River Site in Aiken, South
Carolina

• Control limits and monitoring recommendations of equipment vendors

Control limits and monitoring required by other permits, approvals, and authorizations (for example,
air permits)

This RAWP contains a brief statement of the risk assessment approach (section 2) and an engineering
description of the WTP (section 3). Sections 4 through 8 present the key components of the human health
and ecological SLRA protocol as noted below:

• Identification of constituents of potential concern - section 4

• Quantification of airborne emissions - section 5

• Modeling of the airborne emissions and other environmental pathways - section 6
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I • Screening human health risk assessment - section 7

2 • Screening ecological risk assessment - section 8

4 Section 9 presents the relationship of the risk assessment to the WTP, including the process to establish
5 risk-based emissions limits, if needed. Section 10 describes how uncertainty will be handled in the
6 SLRA. References are provided in section 1] and are followed by three appendices and two attachments
7 providing details of the constituents of potential concern (Appendix A), chemical-specific
8 physical/chemical and toxicity data for human health and ecological resources, respectively
9 (appendices B and C), details of the emissions estimate (Attachment 1), and details of the WTP process

10 cell emissions (Attachment 2). The public, Native American tribes, and regulatory agencies are being
l 1 invited to comment on this work plan and on subsequent documents in order to obtain their input to the
12 decision-making process.
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1 2 Risk Assessment Approach

2 This section describes the overall screening-level risk assessment (SLRA) scope and approach (shown in
3 Figure 2-1) that will be used to establish operating conditions for cold commissioning (nonradioactive
4 waste testing) as well as processing of mixed wastes at the Hanford Tank Waste Treatment Plant and
5 immobilization Plant (WTP).
6
7 The primary regulatory guidance followed for this risk assessment is found in the Human Health Risk
8 Assessment Protocol for Hazardous Waste Combustion Facilities (EPA 1998a) and the Screening-Level

9 Ecological RiskAssessment Protocolfor Hazardous Waste Combustion Facilities (EPA 1999a).
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2.1 Scope of the Screening-Level Risk Assessment

The SLRA will evaluate exposure and risks to potential human and ecological receptors within a 50 km
radius of the WTP. See section 7 for an additional discussion of the human receptors, and section 8
provides additional details of the ecological receptors.

The area within the 50 km radius is located predominantly within Benton County in Washington State,
with smaller portions located in Franklin, Grant, Yakima, and Kittitas counties. The Tri-Cities; that is,
the combined cities of Richland, Kennewick, and Pasco, are adjacent to the southern edge of the Hanford
Site. The Tri-Cities area contains a population of approximately 192,000 (US Census 2000), the majority
of whom reside between 30 km and 50 km from the WTP site. The population outside the Tri-Cities but
within 50 km of the WTP site is sparse. There are no permanent residences on the Hanford Site. Native
American tribes have treaty rights to resources on the Hanford Site, and the SLRA includes potential risks
from food gathering and social activities (for more information see section 7.1).

A variety of ecological receptors inhabit the Hanford Site. They include terrestrial and aquatic plants;
terrestrial, aquatic, and sediment-dwelling invertebrates; mammals and birds that eat terrestrial plants and
animals; fish and other aquatic biota; and mammals and birds that eat fish and other aquatic biota. These
ecological receptors are discussed in more detail in section 8.1.

The SLRA, specifically the pre-demonstration test risk assessment (PRA) and the final risk assessment
(FRA), will address the potential operating life of the WTP. The current WTP Dangerous Waste Permit
(WA 7890008967) covers projected operations of the WTP. The SLRA assumes that the facility will
operate at maximum capacity for its entire design life (40 years from the start of the facility operations).
Risks from the waste in the Hanford double-shell tank system, as well as cumulative risk from the
Hanford Site, are outside the scope of the SLRA.

2.2 Screening-Level Risk Assessment Process

The major components of the SLRA process for airborne emissions are the following (Figure 2-1):

• Work plan for the SLRA - This work plan is submitted to comply with conditions of the WTP

Dangerous Waste Permit (WA7890008967). The work plan establishes the methods for the future

implementation of the SLRA. The PRA and FRA are subparts of the SLRA, as described in this work

plan.
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I • Pre-demonstration test risk assessment - The PRA will be performed before performance
2 demonstration testing of the WTP. The PRA will estimate human health and ecological risk based on
3 engineering estimates of emissions from WTP units.

4 • Final risk assessment - The FRA will be conducted following collection of data from performance
5 demonstration testing of WTP units. The FRA is conducted using an approach very similar to the
6 PRA. However, estimated emission rates will be supplemented with the results of the environmental
7 performance demonstration tests, resulting in a more reliable estimate of process emissions and,
8 therefore, a better estimate of risks associated with the WTP processes.

9
10 Participants in the SLRA process are

12 • US Department of Energy (DOE)

13 • Washington State Department of Ecology (Ecology)

14 • US Environmental Protection Agency (EPA) Region 10

15 • Yakama Indian Nation

16 • Confederated Tribes of the Umatilla Indian Reservation

17 • Nez Perce Tribe

18 • The general public

19 • Bechtel National, Inc. (WTP co-operator).

20
21 All participants are welcome to make contributions to the development this work plan and other
22 documents.

23
24 The SLRA must serve several purposes, including: (1) identifying any potential risks to human health or
25 ecological resources that may result from emissions from the WTP; (2) providing the information
26 necessary to determine what, if any, additional permit conditions are necessary for the operation of the
27 WTP to be protective of human health and ecological resources; and (3) providing risk information to
28 Ecology, EPA, DOE, Native American tribes, and the public. For these reasons, the overall approach for
29 the SLRA is to identify potential risks associated with both plausible and worst-case scenarios as defined
30 in the following.
31
32 • The plausible exposure scenarios represent more realistic assumptions regarding the location of
33 potential human and ecological receptors. The exposure scenarios reflect anticipated WTP operations
34 and the continuation of current uses of the surrounding land and habitats, and make reasonable
35 assumptions about future land uses while still using upper-bound estimates of exposure pathways and
36 activity patterns.

37 • The worst-case exposure scenarios represent worst-case assumptions regarding the location of human
38 and ecological receptors, exposure pathways, and activity patterns (for example, subsistence fishing).
39 The receptor locations used in the worst-case scenario are considered hypothetical since assumed
40 activities (for example, resident, subsistence farmer) do not currently occur in the worst-case Hanford
41 61^Mpn3Ws nRUEIHWIyF-I{SI-fW)RRFr-uLfluL^ng WH 73's RSH:Y*V50AI*H
42
43 The exposure scenarios are intended to provide a better understanding of the range of potential risks to a
44 variety of human and ecological receptors representing conservative exposures at locations typical of the
45 Hanford Site area under a variety of land use conditions at current and future times.
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Both the plausible and worst-case exposure scenarios will incorporate conservative assumptions regarding
human and ecological exposures. This approach is consistent with the Environmental Protection Agency
Risk Characterization Policy (E3 A 1995a), which directs the "use of several descriptors, rather than a
single description, to enable the EPA to present a fuller picture of risk that corresponds to the range of
different exposure conditions encountered By various individuals and populations".

8 The general technical process for the Pi o A is provided in c igure 2-2. This process starts with the
9 estimation of air concentration of various chemicals and radionuclides, moves to an estimation of airborne

10 deposition, and from there to predictions of movement in soil, surface water, and food. Next, exposure to
11 humans, plants, and animals will be estimated in order to complete the risk characterization.
12

13 0 equirements and assumptions for the c o A will be influenced by the results of the Po A as well as data

14 collected during environmental performance demonstration tests. The co A will include estimated

15 emissions based on engineering calculations Fpretreatment system emissions and vapor-phase organic
16 emissions from t TP process cells) and environmental performance demonstration tests for the low-
17 activity waste &. At ) and high-level waste 11P i t ) vitrification systems. Based on the results of the
18 environmental performance demonstration tests, the c 0 A may involve running new models, modeling
19 additional chemicals, or changing model parameters. fnformation that will require updating in the co A,
20 as specified in the t TP a angerous t aste Permit R A7890008967), will include:
21
22 • Toxicity data current at the time of the submittal

23 • Compounds newly identified, or updated emissions data from current waste characterization and
24 emission testing

25 • Air modeling updated to include stack gas parameters based on most current emissions testing and
26 current t TP unit design

27 • Physical/transport properties of constituents current at the time of the submittal

28 • Process description based on current t TP unit design

29 • Emissions data and all supporting calculations based on current t TP unit design

30 • r pdate of receptor locations based on land use or land use zoning changes, if any

31
32 The performance demonstration testing of melter units presents unique challenges that differ from
33 incineration-type combustion units, which are used as a starting point for developing test plans.
34 a ifferences include the systems used to control melter emissions versus those used for flame combustion
35 units, as well as differences in the quantities and concentrations of Cl PCs fed to melter units versus other

36 flame-type combustion units. to order for the performance demonstration test to be predictive of the
37 ability of the melter offgas systems to control emissions and demonstrate that human health and

38 environmental protection standards established by the Pi o A are met, it will be necessary to take these
39 differences into account.
40
41 The Pi o A process is iterative. ft includes review of the Po A findings and revision of risk assessment
42 assumptions and t TP engineering design and operation for the CO A. o esults of the c 0 A will be used to
43 calculate risk-based emissions limits to protect human health and the environment. fnput from Ecology,
44 EPA, Native American tribes, and the public will be included at each step of the process. The graphic
45 description of the process provided in c igure 2-1 identifies points for this input.
46
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The PRA modeling results will be used to formulate FRA approaches. Thus, the PRA is an important
first step and the primary emphasis ofthis work plan.
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Figure 2-1 Overview of Screening-Level Risk Assessment Process for WTP Air Emissions

Risk Assessment Work Plan

Screening-Level Risk Assessment

Pre-Demonstration Test

Risk Assessment (PRA)

Final Risk Assessment (FRA)

(Revised PRA, using results of

Performance Test Demonstration)

Approval for Full Operation

Inputs

from

public,

Native

American

tribes,

and

regulatory

agencies

Page 2-5



24590-WTP-RPT-EN5-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

1 Figure 2-2
2

Overview of Fate and Transport of Airborne Emissions During the PRA and FRA
for the WTP
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3 Engineering Description

2 Hanford tank waste consists of approximately 54 million US gallons of highly radioactive and mixed
3 hazardous wastes stored in underground storage tanks at thHUS DKa1lpnFpt of En}Igy's (D2 E's)
4 Hanford Site. The Hanford Tank t aste Treatment and fmmobilization nlant R T9 is being constructed
5 to treat mixed wastes from underground storage tanks. After the tank waste is received from the Hanford
S double-shell tank system, it will be pretreated and then immobilized using a process called vitrification.
7 s itrification is a thermal process that converts the waste materials into a durable glass. The vitrified
U wastes and secondary wastes resulting from the t Tmprocesses will be transferred to permitted treatment,
9 storage or disposal units for disposition. Offgas generated by the pretreatment and vitrification processes

10 will be treated in independent offgas treatment systems. This section provides an overview of the mixed
11 waste treatment processes that will be used in the t Tn?
12

13 3.1 WTP Overview

14 The t Tmis located at the eastern end of the 200 East Area of the Hanford Site, near the former Grout
15 Treatment Facility, 241-AmTank Farm Complex, and nlutonium Uranium Extraction nlant. Figure 3-1
I S shows the location of the t Tmon the Hanford Site.
17
1 U t aste from the Hanford double-shell tank system will be transferred to the t Tmpretreatment facility.
19 The tank waste consists of solids Fsludge), liquids Fsupernatant), and salt cake E3ried salts that will
20 dissolve in water to form supernatant).
21
22 7 hl-ltRyn ®w-aFtivity wastH(LAW) fH{3Jg1ppH,q tg{'pH to thHsuSHpatant Sotyion of Hanfoffls
23 double-shell tank waste, although it can include high-level waste 1Pli t ) solids. Hanford tank waste is
24 from a variety of nuclear process facility sources. It historically has been managed as Hi t . i At feed
25 is composed of three waste feed envelopes, which are described below.
2S
27 • Envelope A. Concentrations of certain radionuclides Fsuch as cesium) in this feed envelope are high
2U enough to warrant their removal so that the immobilized low-activity waste Si At ) glass will meet
29 applicable requirements.

30 • Envelope B. This feed envelope contains higher concentrations of cesium than Envelope A. This
31 envelope also allows for concentrations of chlorine, chromium, fluorine, phosphates, and sulfates that
32 are higher than those found in Envelope A, which may limit the rate of waste incorporation into glass.

33 • Envelope C. This feed envelope contains high enough concentrations of cesium and organically
34 complexed strontium and transuranics Efo Us) to require removal to meet fi At glass specifications.

35
3S The Hi t or solids fraction of the waste contains the long half-life radioactive constituents as well as
37 other undissolved solids. The Hi t feed is composed of a single envelope, which is described below.
3U
39 • Envelope D. Hi t feed will be in the form of a slurry containing approximately 10 grams to
40 200 grams of unwashed solids per liter. Most of the Envelope a radionuclides are in unwashed solid
41 form. The liquid fraction of the slurry will be composed of residues from Envelope A, B, or C waste;
42 the solid fraction will be Envelope a waste.

43
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Figure 3-2 shows a layout of the WTP. Three main process buildings (pretreatment facility, HLW
vitrification facility, and LAW vitrification facility) will contain most of the dangerous waste
management operations and include major areas for pretreating and vitrifying (immobilizing) tank waste.
The pretreatment facility will receive and pretreat the waste prior to vitrification. Two separate
vitrification facilities will be used to immobilize the pretreated waste. The LAW vitrification facility will
immobilize the majority of the supernatant and dissolved salt cake from the Hanford tank waste. The
HLW vitrification facility will immobilize the HLW fraction of the Hanford tank waste. Other smaller
support buildings will provide for storage or transfer of materials used in the treatment process and for
storage of wastes.

Figure 3-3 provides a simplified diagram of the WTP processes. Mixed wastes from the double-shell tank
sys)W (shown In Wl.l®wH QfWrornH of W'Hdlagrap ) wIiAbHrff1-fivHl and proFffsf}i Vui-ough W]-1W73's
various pretreatment operations (including feed evaporation, ultrafiltration, and ion exchange). The
resultant pretreated wastes will, in turn, be fed to the LAW or HLW vitrification systems. The treatment
of offgas from the pretreatment and vitrification processes will result in point source emissions to the
environment from each of the three processing facility stacks. Figure 3-3 uses shading to distinguish
offgas treatment steps from other process operations.

19 3.2 Pretreatment Overview
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34

35

36

37
38
39
40
41
42
43

44
45
46
47

LAW bnvelopes A, B, and C will be transferred to the WTP pretreatment facility as solutions that contain
some undissolved solids (bnvelope a -type waste or LAW-precipitated salts). HLW bnvelope a feed will
be transferred as slurry to the WTP pretreatment facility.

Wastes having sodium molarity less than 5 will be received into the pretreatment facility and concentrated
in the waste feed evaporator. Wastes having a sodium molarity greater than or equal to 5 will bypass the
waste feed evaporator. Once the sodium molarity is acceptable for further processing (either as received
or after evaporation), the waste will go through the following processesW

• LAW envelopes A or B feeds will be blended with HLW feeds (bnvelope a) in an ultrafilter
preparation tank. The ratio of LAW to HLW undissolved solids will be established to support the
respective glass production rates. The blended HLW and LAW feed streams will undergo a filtration
process that separates LAW liquid stream (permeate) from the slurry. The LAW permeate will then
be processed through the ion exchange (fu ) process discussed below. The concentrated solids slurry
will be caustic leached (if warranted), washed, and blended with cesium concentrate from the fu and
strontium (Pr)/To r solids from 90Pr/To r precipitation (see below), before being transferred to the
HLW vitrification facility.

• b nvelope C feeds will contain organic complexants that cause the Pr and some To r waste to remain
in solution. This waste will undergo a 90Pr/To r precipitation process before filtration. The filtration
step will then separate the 90Pr/To r solids, manganese oxide solids (a by-product from the
precipitation process), and entrained solids from permeate (LAW stream). The 90Pr/To r precipitate
will be washed and stored for blending with HLW feed before HLW vitrification. The 90Pr/To r

precipitate (bnvelope C solids) will not be caustic leached. bnvelope C permeates are processed
through the fu processes.

• After filtration, the permeate will undergo to to remove13'Cs. The 137Cs eluate will be concentrated
by evaporation; the concentrated eluate will then be blended with pretreated HLW solids before
transfer to the HLW vitrification facility. The last step in the pretreatment process is to concentrate
the treated LAW liquid by evaporation before transferring the waste to the LAW vitrification facility.
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The pretreatment building will also cont:ain a process and vessel ventilation system, an offgas treatment
system, and a stack. Liquid effluents will be either recycled back into the facility or sent to the Hanford
Site Liquid Effluent Retention Facility (LERF) or 200 Area Effluent Treatment Facility (ETF).

3.3 LAW Vitrification

Treated Envelope A, B, and C supematants from the pretreatment facility will be transferred to the LAW
vitrification facility for processing. The LAW vitrification process will consist of two melter systems
operated in parallel. Each melter system has a set of feed preparation vessels, a large-capacity
joule-heated ceramic melter, and an offgas treatment system. The facility will also have a secondary
offgas system shared by the two melter systems. The following description applies to each of the two
LAW melter systems.

Pretreated LAW waste feeds will be received into one of two LAW concentrate receipt vessels inside the
LAW vitrification building. Batches of concentrated LAW feed will be transferred from these vessels to
feed preparation vessels, where glass formers and sucrose will be added and blended to form a uniform
batch of feed to the LAW melters. The slurry feed will be transferred to the melter feed vessels, where it
is fed continuously to the LAW melters.

Each LAW melter is designed to nominally produce 15 metric tons per day of ILAW glass and operate at
a temperature between 950 centigrade (°C) and 1150 °C. The feed will enter the melter from the top and
form a cold cap above the melt pool. Volatile components in the feed will be evaporated or decomposed,
then drawn off through the melter offgas system. Nonvolatile components will react to form oxides or
other compounds dissolved in the glass matrix. Bubblers will agitate the mixture to increase the glass
production rate. An airlift system will pour the glass from the melter into stainless steel containers.

Each LAW melter system will have its own primary offgas equipment, including a film cooler,
submerged bed scrubber (SBS), and wet: electrostatic precipitator (WESP). Particulates and
condensables, including entrained or volatilized radionuclides in the melter offgas stream, will be
captured in the SBS and WESP. Condensables from the SBS and the WESP will be collected in the
liquid effluent system and recycled to the treated LAW evaporator in the pretreatment facility. The
primary offgas systems will join after the WESP and will be routed to the secondary offgas system. At
this point, the LAW vessel vent header will join the offgas. The secondary offgas system will provide
final filtration, remove mercury, destroy organics, reduce oxides of nitrogen (NOx), and removes halides.
This will be done by using high-efficiency particulate air (HEPA) filters, a treated activated carbon bed, a
thermal catalytic oxidizer, a selective catalytic reducer, and a caustic scrubber.

3.4 HLW Vitrification

The HLW vitrification facility will receive the pretreated HLW feed from the pretreatment facility.
Treated Envelope D slurry and the LAW intermediate waste products (separated 90SdTRU and "'Cs) will
make up the feed to the HLW vitrification facility. The HLW vitrification process will consist of two
joule-heated ceramic melters fed by independent feed and blending vessel trains, a dedicated offgas
treatment system for each melter, and a common secondary effluent collection system. HLW feed
concentrate will be transferred from the pretreatment building to the HLW concentrate receipt vessels in
the HLW vitrification building. Batches of HLW feed concentrate will then be transferred to one of the
two melter feed preparation vessels. The feed concentrate will be blended with glass-forming chemicals
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and sucrose, then mixed to ensure a uniform mixture. The melter feed slurry will be transferred to the
melter feed vessel, where it can be fed to a dedicated HLW melter.

Each of the two HLW melters are designed to operate at a temperature between 950 'C and 1150 °C at a
nominal rate of 1.5 metric tons per day of IHLW glass. Melter feed slurry will be introduced at the top of
the melter and form a cold cap on the surface of the melt pool. Water and volatile components will
evaporate or decompose and then be drawn off through the offgas system. Nonvolatile components will
react to form oxides, which will become part of the molten glass.

9 Each HLW melter will have a dedicated primary and secondary offgas system where the offgas from the
10 melter will pass through a film cooler, SBS, WESP, high-efficiency mist eliminators (HEMEs), and
11 HEPA filters to remove particulates and radionuclides. The offgas will then pass through a secondary
12 offgas system consisting of treated activated carbon, silver mordenite, thermal catalytic oxidation, and
13 selective catalytic reduction. This secondary system will remove mercury and halides, destroy organics,
14 and reduce NO..
15
16 An airlift system inside the melter will pour molten HLW glass into stainless steel canisters. The filled
17 canister will then be inspected, the glass sampled as necessary, and the canister sealed. The canisters
18 from the two melters will be decontaminated by a nitric acid/cerium (HNO3/Ce+4) chemical milling
19 process that dissolves a thin layer of the canister outer wall material. Canister decontamination waste
20 effluents will be recycled to the pretreatment building.
21
22 3.5 Stacks and Flues

23 The pretreatment, LAW, and HLW vitrification facilities will each have separate stacks where the treated
24 emissions derived from process operations and other sources will be released to the environment. The
25 stacks will house a bundle of individual emission units (flues) that are associated with their respective
26 sources. Thus, each of the three facilities will have one stack only. For additional information about
27 flues relative to stacks, see Attachment 1.
28
29 In addition to the process offgas system, building ventilation systems will be incorporated into each of the
30 processing plants. Treated building ventilation systems will also be vented to the atmosphere through
31 dedicated flues. Figure 3-4 shows simplified graphic representations of the expected emission sources
32 and the associated flues.
33
34 The offgases associated with pretreatment processes will be exhausted through the pretreatment stack via
35 flues PT-S3 and PT-S4. The emissions associated with potential leaks to processing cells will be
36 discharged through flue PT-S2 within the pretreatment stack. The treated offgases associated with LAW
37 vitrification processes will be discharged through the LAW vitrification stack via flue LV-S3. The
38 emissions associated with leaks to the LAW vitrification process cells will be discharged through flue
39 LV-S2. The treated offgases associated with HLW vitrification processes will be discharged through
40 flues HV-S3 and HV-S4 within the HLW vitrification stack. The emissions associated with potential
41 leaks to process cells will be discharged through the HLW vitrification stack via the HV-S2 flue.
42

43 3.6 Facility Control Philosophy

44 This section presents an overall control philosophy for the WTP. The goal of the facility control
45 philosophy is to satisfy the following criteria:
46
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I • Preservation of worker and public safety

2 • Protection of the environment

3 • Preservation of equipment integrity

4 • Assurance of product quality

5 • Minimization of plant lifetime costs

7 The design, construction, and commissioning of the WTP is being conducted in a manner that is
8 protective of employees, the public, and the environment. The process systems, piping, vessels, and
9 equipment have been specifically designed to provide primary confinement of hazardous, radioactive, and

10 chemical materials. The facility structures, along with their respective ventilation systems, will provide
11 secondary confinement of airborne and liquid releases. The ventilation system will support confinement
12 of airborne contamination within the building by directing the flow of air from areas of less contamination
13 potential to areas of greater contamination potential. The ventilation system will also filter the building
14 exhaust air.
15
16 Diagnostics will be used to optimize throughput and reduce downtime. A plant information computer
17 with data entry and reporting capabilities will be provided to process information needed for facilitating
18 plant optimization. Provisions will be made for overview and scheduling information.
19
20 The confinement and shielding requirements, combined with the need to provide hazard isolation and
21 accessible areas for plant operation, have led to the building configuration of multiple cells and caves
22 connected by transfer tunnels and shielded doors. This configuration provides a series of barriers
23 enclosing the various zones, which are classified according to the contamination potentials.
24
25 Throughout the design phase, design reviews are conducted by multidiscipline teams to ensure safety and
26 provide for feedback and improvement. The process systems, facility structure, and facility design ensure
27 that operations of the WTP will be safe and protective of human health and the environment.
28
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Figure 3-1 Location of the WTP on the Hanford Site
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I Figure 3-2 WTP Layout
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Figure 3-3 Simplified Process Diagram
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I Figure 3-4 WTP Stacks and Flues
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4 Constituents of Potential Concern

The Human Health RiskAssessment Protocol for Hazardous Waste Combustion Facilities (EPA 1998a)

recommends that the selection of constituents of potential concern focus on compounds that ( 1) are likely

to be emitted due to the presence of the compound or its precursors in the waste feed, ( 2) are potential

products of incomplete combustion (PICs), (3) are potentially toxic to humans, and/or (4) have a definite
propensity for bioaccumulating or bioconcentrating in human and ecological food chains. The process for
identifying constituents of potential concern as described in EPA 1998a includes six steps:

9 1 Start with a list of all compounds analyzed for in the environmental performance demonstration (or
10 supporting research and technology development testing) and note which compounds were detected
11 in the test.

12 2 Evaluate the type of waste to be processed to determine whether any of the compounds that were not
13 detected should be retained as constituents of potential concern because they are potentially present in
14 the waste.

15 3 Exclude compounds that are not detected, are not components of the waste, and do not have
16 toxicological data.

17 4 Exclude compounds that are not detected, are not components of the waste, and do not have a high
18 potential to be PICs.

19 5 Evaluate the 30 largest tentatively identified compounds (TICs) to determine whether any of these
20 compounds have toxicities similar to the detected compounds. If they do not, consider surrogate
21 toxicity data.

22 6 Evaluate compounds that may be of concern due to other site-specific factors. Include as constituents
23 of potential concern any compounds that are a concern due to site-specific factors and may be emitted
24 by the melter unit.

25
26 The process described above requires the use of data collected during the environmental performance
27 demonstration. This data will be developed and used to evaluate risk during the final risk assessment
28 (FRA) process. Because the pre-demonstration test risk assessment (PRA) will be performed before the
29 environmental performance demonstration results are available, it is necessary to develop a list of
30 constituents of potential concern based on design information and assumptions rather than emissions
31 measurements.
32
33 The following sections describe the strategy for identifying PRA chemicals of potential concern (COPCs,
34 section 4.1) and radionuclides of potential concern (ROPCs, section 4.2). Figure 4-1 summarizes the
35 COPC and ROPC selection process. The term COPC is used to represent chemicals associated with the
36 tank waste and melting process, while the term ROPC refers to radioactive constituents of potential
37 concern.
38
39 4.1 Chemicals of Potential Concern

40 The process of identifying COPCs for the PRA used the following four steps to identify chemicals that
41 are likely to be emitted due to the presence of the compound, or its precursors, in the waste feed or as
42 potential products of incomplete combustion.
43
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I I Start with the list of all chemicals identified as potentially present in the waste. This list was taken
2 from the Regulatory Data Quality Objectives Supporting Tank Waste Remediation System

3 Privatization Project (Wiemers and others 1998), also referred to in this document as the "regulatory
Q DQ2 ". These chemicals are discussed in section 4.1.1 and listed in Assendix A, tables A-1 and A-2,
5 of this work plan.

6 2 Add chemicals that may be created as nTCs (sections Q1.2 and Q1.3 and Appendix A, tables A-3 and
T A-Q)

8 3 Add chemicals excluded from the regulatory a n 1 list because of low toxicity but that may be present
9 in the waste (section Q1.Qand Appendix A, Table A-5).

10 Q Add criteria pollutants (section Q1.5).

11
12 The derivation of the list of Cl nCs is discussed below and summarized in cigure Ql and in Appendix A,
13 tables A-1 through A-5.
IQ
15 4.1.1 Chemicals from the Regulatory DQO

16 The preliminary list of Cl nCs was compiled using input from the regulatory a n I (t iemers and others
1 T 1998). Analytes included in the regulatory a n I were selected from a large group of regulated
18 constituents using technically defensible decision logic. The decision logic was followed to select
19 compounds that could plausibly be in the waste feed and of concern relative to the permitting activities
20 and risk assessment. The regulatory a n I is based on (1) analytical data from samples of solid and liquid
21 waste and vapors from the headspace of the tanks, and (2) evaluation of the types of wastes that were
22 stored in the tanks and the chemical constituents that may have made up these wastes even if they have
23 never been detected in analytical samples. The results of this decision logic and their use in developing
2Q the Cl MC list for the t Tmare provided here. The reader is urged to refer to the regulatory a n 1
25 document (t iemers and others 1998) for complete details of the decision logic and data used in the
26 regulatory a n I . bcology and bITA have concurred with the result of this process and its use as a starting
2T point for the t TmCI MC list.
28
29 A consolidated list of 850 chemical compounds (t iemers and others 1998) was used as the input for the
30 regulatory a n I process. This list of compounds includedW
31
32 • Toxic air pollutant (TAmj lists Class A (t AC 1T3-Q50-150, toxic air pollutants; known, probable,
33 and potential human carcinogens; and acceptable source impact levels) and Class B (t AC
3Q 1 T3-Q50-160, toxic air pollutants, and acceptable source impact levels)

35 • r nderlying hazardous constituents (r e C) list (Q Cco 268.QB)

36 • r niversal treatment standards list (Q Cc o 268.Q6)

3T • Double-Shell Tank (DST) System Dangerous Waste Permit Application (a I b-o i 1991) constituents,
38 except for waste code c 039. To date, no landfill leachate has been added to the tanks. Therefore,
39 these compounds were not included in the regulatory a n I database used to select the Cl rrCs.

Q)
Q] The list of 850 compounds was screened to arrive at a final list of 125 organic and Q) inorganic
Q?_ compounds. Tables A-1 and A-2 in Appendix A of this work plan idenfify these organic and inorganic

Cl nCs. A brief discussion of the methods and criteria used in the regulatory a n I to narrow the initial
QQ input list is included below. Additional details regarding this process are provided in t iemers and others
Q5 (1998).

Q5

Page 4-2



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

1 The compounds were reduced from 850 to 174 in the regulatory DQO based on the following:
2
3 • Detectability in the single-shell/double-shell waste

4 • Stability in the DST environment

5 • Toxicity and carcinogenicity

6 • Availability of SW-846 (EPA 1986) analytical methods

7 • Association with the operations at the Hanford Site

8
9

10
11
12
13
14
15
16
17

18

19

20

21

22
23
24
25
26
27

28

29
30
31
32
33
34
35
36
37
38
39
40
41
42

The resulting list of 125 organic compounds includes polychlorinated biphenyls (PCBs). This class of
compounds includes 209 separate congeners. Fourteen of these congeners (the coplanar PCBs) are
proqidH7-{l WEFf`dioxiQ(alff W Dl-1FpEO131-#I iQdividurp. 7hHH14 PoSQp 3 CBs wHHl3ldHl WWy
regulatory DQO list of 125, resulting in a total of 139 organic compounds shown in Appendix A,
Table A-1.

The inorganics were established by the following:

• i isting the inorganic compounds and metals in the input of the starting lists

• Consolidating the list of metals and ions

• Comparing the resulting list to the Hanford Site waste inventories

• Considering the applicability of SW-846 (EPA 1986) analytical methods

• Assessing alternative sources of information

Toxicity criteria were not used to screen inorganic chemicals because the starting list of inorganics was so
much shorter than the list of organic chemicals, and there was not as large an unknown component to the
inorganics (that is, fewer compounds that were not detected). The resulting list of 49 inorganic
compounds is provided in Appendix A, Table A-2.

4.1.2 Environmental Protection Agency Products of Incomplete Combustion

The organic and inorganic chemicals retained by the regulatory DQO process were compared to the

r S Environmental Protection Agency (EPA) list of recommended and potential PICs contained in
Table A.1 of the Human Health RiskAssessment Protocol for Hazardous Waste Combustion Facilities
(EPA 1998a). All 148 PICs from Table A.1 of EPA 1998a not already included as part of the regulatory
DQO were added as COPCs. These additional 148 COPCs are listed in Table A-3 in Appendix A of this
work plan. The 148 organic compounds listed in Table A-3 include the chemicals recommended for
identification and the chemicals for potential identification that were originally identified in tables I and 2
of the Draft Exposure Assessment Guidance for Resource Conservation and Recovery Act Hazardous
Waste Combustion Facilities (EPA 1994a) and the compounds identified in combustion unit emissions
and stack emissions originally identified in the Review Draft Addendum to the MethodologyforAssessing
Health Risks Associated with Indirect Exposure to Combustor Emissions (EPA 1993d) as cited by
EPA (1998a). These 148 chemicals include PICs from a variety of combustion units but not specifically
from vitrification units. These PICs were included to ensure a conservative approach.
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4.1.3 Site-Specific Products of Incomplete Combustion

A bench-scale test of the melter technology was conducted at the Catholic University of America
Vitreous State Laboratory in December 1998 (Matlock and Pegg 1999). A surrogate waste feed was used
for this test that likely does not represent the constituents in the actual tanks. This surrogate waste was
designed to represent the most difficult-to-destroy chemicals potentially present in the tank waste and,
thus, to provide a conservative estimate of potential PICs. This test identified 16 additional potential
PICs. These chemicals are listed in Table A-4 of Appendix A.

9 4.1.4 Chemicals Screened in the Regulatory DQO Process and Added Back to the COPC
10 List

11 EPA Region 10 (CCN 064332) did not agree with the removal of chemicals from the COPC list based on
12 toxicity. Therefore, all chemicals not included in the regulatory DQO due to low toxicity, regardless of
13 other factors (for example, number of detects), are included in the list of preliminary COPCs.
14
15 The regulatory DQO process eliminated 46 chemicals detected in the liquid or vapor phase of the tank
16 waste and 65 chemicals that could possibly be in the tanks but which were never detected. These 111
17 regulated organic chemicals eliminated from the regulatory DQO were compared to the PICs previously
18 added to the list of preliminary COPCs (sections 4.1.2 and 4.1.3 of this work plan). Based on this
19 comparison, an additional 26 regulated organic chemicals with positive detects and 41 regulated organic
20 chemicals with no detects, eliminated by the regulatory DQO process, were added to the list of
21 preliminary COPCs. These 67 additional chemicals are listed in Appendix A, Table A-5, of this work
22 5%uqIeUthe heDIIQgV°`detected chep IcfS3Ve(6p "ed ILRp D4 2"ro "QpQJetected chep Ica
23 eOp "ed IW D4 2."
24
25 Many of the organic COPCs that have been retained for risk assessment have not been detected in tank
26 waste or do not have an established method for analytical detection in tank waste. As part of the ongoing
27 updates to the risk assessment performed in accordance with the t TP Dangerous t aste Permit, the list
28 of COPCs for risk assessment will be considered in conjunction with outcomes from the regulatory DQO
29 implementation to determine whether changes are warranted.
30
31 4.1.5 Criteria Pollutants

32 National ambient air quality standards (NAAQSs) have been established for six criteria pollutants: sulfur
33 dioxide, particulate matter, carbon monoxide, ozone, nitrogen dioxide, and lead. These criteria pollutants
34 will be addressed in the prevention of significant deterioration (PSD) permit application for this facility.
35 In addition, five of these criteria pollutants were added to the list of preliminary COPCs. The sixth, lead,
36 was previously included in the COPCs identified by the regulatory DQO process.
37

38 4.2 Radionuclides of Potential Concern

39 The list of 46 preliminary ROPCs was established based upon Standard Inventories ofChemicals and
40 Radionuclides in Hanford Site Tank Wastes (h upfer and others 1997). Information used to establish the
41 global inventories originated from key historical records, various chemical flowsheets used in
42 reprocessing of irradiated e anford Site reactor fuels, and calculations of radionuclide isotope generation
43 and decay. This list includes 16 radionuclides identified as contributing greater than 99.99 % of the
44 radioactivity in the tank waste (h upfer and others 1997) plus an additional 30 radionuclides included due
45 to their toxicity. The ROPCs are listed in Table A-6 in Appendix A.

Page 4-4



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

2 4.3 Identification of COPCs and ROPCs for the Quantitative Preliminary Risk

3 Assessment

4 The COPCs and ROPCs identified in tables A-1 through A-6 in Appendix A include an extensive list of
5 chemicals and radionuclides (1) potentially present in the waste to be processed and (2) potentially
6 produced as PICs during the processing of waste. The process of identification of COPCs and ROPCs for
7 the quantitative PRA used the following conditions to identify chemicals that are potentially toxic to
8 humans or ecological resources, and/or have a definite propensity for bioaccumulating or
9 bioconcentrating in human and ecological food chains.

10
11
12
13
14
15

16
17

18
19
20
21
22
23
24
25
26
27
28
29
30
31

32
33
34
35

Final COPCs and ROPCs carried through the quantitative risk assessment will be all COPCs and ROPCs
for which:

• Appropriate physical/chemical parameters are available to quantitatively estimate potential emissions
or fate and transport behavior of the constituent through the environment

• Appropriate human health or ecological toxicity data is available to quantitatively evaluate potential
effects of the constituent

Tables A-7 through A-11 in Appendix A provide a summary of which COPCs and ROPCs can be carried
through the quantitative human health risk assessment (HHRA) for each human receptor group and
exposure pathway. Tables A-12 through A-14 provide a summary of which COPCs and ROPCs can be
carried through the quantitative ecological risk assessment (ERA) for each ecological receptor. Receptors
and pathways are described in sections 7 (human health) and 8 (ecological) of this work plan. Sources of
chemical specific toxicity and physical/chemical data, including the use of a few Ecology- and
EPA-approved surrogate values where chemical-specific values are not available, are described in section
7.2, section 8.3, and Appendices B-1 and C.

Constituents not included in the quantitative risk assessment will be discussed qualitatively as part of the
uncertainty assessment.

4.3.1 Identification of Organic COPCs for Inclusion in the Quantitative PRA

The 370 preliminary organic COPCs identified per the method described in section 4.1 and Figure 4-1 of
this work plan are listed in Table 4-1 and have been grouped into the following classes based on chemical
structure and molecular weight (MW):

Volatile Organic Compounds (VOCs) Semivolatile Organic Compounds (SVOCs)

Aromatic halogenated hydrocarbons

Aromatic nonhalogenated hydrocarbons

Nonaromatic nonhalogenated hydrocarbons

Nonaromatic halogenated hydrocarbons

Dioxin and furan compounds

PCBs

Phthalates

Light polynuclear aromatic hydrocarbons (PAHs)
(MW < 200 g/mole)

Heavy PAHs (MW > 200 g/mole)

Light substituted benzene compounds (MW < 200
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Volatile Organic Compounds (VOCs) Semivolatile Organic Compounds (SVOCs)

g/mole)

Other light SVOCs (MW < 200 g/mole)

Other heavy SVOCs (MW > 200 g/mole)

Herbicides and organochlorinated pesticides

EPA (1994a) has identified several of these categories (dioxins/furans, PAHs, PCBs, phthalates, other
chlorinated organics and nitroaromatics) as having the highest potential to cause increased risk to human
health. Thus, the WTP list includes the classes of organic chemicals considered to be most important to
EPA (1994a).

The number of organic COPCs that can be carried through the quantitative risk evaluation is summarized
below:

10 • Toxicity and physical/chemical data appropriate for evaluation of chronic human exposures is
11 available for 284 of the 370 organic COPCs.

12 • Toxicity data appropriate for the evaluation of potential effects resulting from acute (that is, one-hour)
13 exposure to COPCs is available for 313 of the 370 organic COPCs.

14 • Toxicity data appropriate for evaluation of chronic ecological exposures is available for 162 of the
15 370 organic COPCs.

16
17 In all, 343 of the 370 organic COPCs listed in Table 4-1 can be quantified in some way for at least some
18 of the receptors included in the risk assessment. Tables A-7 through A-14 in Appendix A provide a
19 detailed breakdown of the human and ecological receptors and human exposure pathways for which risks
20 can be quantified for each of these COPCs.
21

22 4.3.2 Identification of Inorganic COPCs for Inclusion in the Quantitative PRA

23 The 54 preliminary inorganic COPCs identified per the method described in section 4.1 and Figure 4-1
24 are listed in Table 4-2 and have been grouped into three classes: metals, nonmetals and anions, and
25 criteria pollutants. As noted about the organic chemicals, these classes were not used in selecting COPCs;
26 rather, the evaluation includes all the classes considered important to EPA.
27
28 The number of inorganic COPCs that can be carried through the quantitative risk evaluation is
29 summarized below:
30
31 • Toxicity and physical/chemical data appropriate for evaluation of chronic human exposures is
32 available for 24 of the 54 inorganic COPCs.

33 • Toxicity data appropriate for the evaluation of potential effects resulting from acute (that is, one-hour)
34 exposure to COPCs is available for 48 of the 54 inorganic COPCs.

35 • Toxicity data appropriate for evaluation of chronic ecological exposures is available for 31 of the

36 54 inorganic COPCs.

37

38 In all, 50 of the 54 inorganic COPCs listed in Table 4-2 can be quantified in some way for at least some

39 of the receptors included in the risk assessment. Tables A-7 through A-14 provide a detailed breakdown
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of the human and ecological receptors and human exposure pathways for which risks can be quantified
for each of these COPCs.

4 This list of inorganic COPCs includes die stable form of the 12 chemicals listed below, also evaluated as
5 ROPCs:

antimony iodine tin

barium nickel uranium

cadmium selenium yttrium

cobalt strontium zirconium

7
8 The chemical toxicity (that is, not associiated with radioactivity) of these constituents will be evaluated in
9 the PRA.

10
11 4.3.3 Identification of ROPCs for Inclusion in the Quantitative PRA

12
13
14
15
16
17

18

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

34
35
36
37
38
39
40

The 46 preliminary ROPCs identified per the method described in section 4.1 and Figure 4-1 are listed in
Table 4-3. Toxicity and physical/chemical data appropriate for evaluation of chronic human health, acute
human health, and chronic ecological exposures to ROPCs is available for all 46 of the preliminary
ROPCs. Tables A-7 through A-] 4 in Appendix A provide a detailed breakdown of the receptors and
exposure pathways for which risks can be quantified for each of these ROPCs.

4.4 Uncertainty in COPC and ROPC List

The identification of COPCs and ROPCs for the PRA is uncertain because these constituents are
identified before operation of the WTP and must, therefore, rely on assumptions regarding what may be in
the waste feed and what may be produced as PICs. Test data that will be collected for the FRA during the
environmental performance demonstration will reduce but not eliminate this uncertainty because this test
data will include uncertainty due to TICs, detection limits, and variations in actual waste feed.

In both the PRA and FRA, uncertainty is introduced into the risk assessment by COPCs that cannot be
carried through the quantitative assessment due to lack of toxicity data (all ROPCs have adequate toxicity
data to be carried through the quantitative assessment).

Sources of uncertainty in the identification of COPCs and ROPCs for the PRA are described briefly
below. An overview of how these uncertainties will be evaluated, along with uncertainties in all other
steps of the risk assessment, is provided in section 10 of this work plan.

4.4.1 Uncertainty in Identification of COPCs and ROPCs for PRA

Sources of uncertainty in the identification of COPCs and ROPCs include

• Uncertainty in the waste feed from the DSTs
• Uncertainty in PICs produced by the WTP

While a considerable amount of analytical data is available for the contents of the DSTs, the contents of
all tanks have not been fully characterized. To compensate for deficits in the analytical data, the
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regulatory DQO that was used as the basis for the COPC list incorporated constituents that could be
present in the tanks, based on Hanford activities, even if these constituents have not been detected in
analytical samples.

5 Limited PTC data is available from bench-scale tests performed on surrogate waste at the Catholic
6 University of America Vitreous State Laboratory in December 1998 (Matlock and Pegg 1999). This
7 surrogate waste was designed to represent the most difficult-to-destroy chemicals potentially present in
8 the tank waste and, thus, to provide a conservative estimate of potential PICs. To maintain a conservative
9 bias in the PRA, PICs identified by EPA (1998a) as present in stack emissions from existing hazardous

10 waste incinerators were included in the COPC list along with WTP-specific PICs identified in the bench-
11 scale testing. ROPCs are not produced as PICs.
12
13 4.4.2 Uncertainty in COPCs Not Included in the Quantitative Assessment

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

35
36
37
38
39
40
41
42
43
44
45
46

Some COPCs identified as potentially present in the waste or as PICs cannot be carried through the
quantitative risk assessment because appropriate toxicity data is not available to characterize their
potential effects on human or ecological receptors. Four hundred and seventy COPCs and ROPCs were
identified for evaluation in the PRA: 370 organic COPCs, 54 inorganic COPCs, and 46 ROPCs. Toxicity
information is available to conduct a quantitative chronic HHRA on over 300 of these constituents and an
ecological assessment on over 200 constituents.

Constituents without toxicity information will not be included in the quantitative human health or
ecological risk assessments. If these constituents are similar in their toxicity and persistence to the
constituents with toxicity data, the total risk or hazard would be underestimated by a factor of
approximately 1.4 (that is, 424 COPCs/308 COPCs with toxicity data). Similarly, for ecological
receptors, if the toxicity and persistence of the constituents without toxicity data are similar to the toxicity
and persistence of the constituents with toxicity data, the total hazard would underestimated by a factor of
2.2 (that is, 424 COPCs/193 COPCs with toxicity data). It is more likely that the nonquantified
constituents will have lower toxicity, persistence, or both, and this can be addressed through an evaluation
of the types of chemicals with and without toxicity data. For example, inorganic COPCs without toxicity
data include essentially nontoxic chemicals such as calcium, iron, potassium, sodium, chloride, and
hydroxide, while a few organic COPCs without toxicity data (such as two coplanar PCBs) are potentially
toxic.

4.5 Summary of Identification of COPCs and ROPCs

The list of 470 COPCs and ROPCs selected for the PRA includes many more compounds than are
expected in actual facility emissions. The list is long because assumptions were used to compensate for
the uncertainty regarding the exact make-up of the waste and the lack of environmental performance
demonstration data. (That is, it was assumed that all chemicals potentially present in the waste will be
emitted along with all chemicals identified as PICs from any type of combustion unit.) The list of
preliminary COPCs and ROPCs includes numerous chemicals (especially organic chemicals) that have
never been detected in the tank waste.

Figure 4-1 summarizes the process used to identify 470 preliminary COPCs and ROPCs for the PRA.
The inorganic and organic COPCs and ROPCs are summarized in tables 4-1 ( organics), 4-2 (inorganics),
and 4-3 (radionuclides).
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I Tables 4-1 through 4-3 summarize the current availability of data to quantitatively evaluate the
2 preliminary COPCs and ROPCs. These tables also provide a list of the COPCs and ROPCs that will be
3 quantitatively evaluated in the PRA. Some type of quantitative risk/hazard analysis can be conducted for
4 435 of the 470 preliminary constituents of potential concern. Preliminary COPCs and ROPCs not
5 included in the PRA will be addressed qualitatively in the uncertainty assessment.
6
7 Tables A-7 through A-11 in Appendix A identify the human receptor groups and exposure pathways for
8 which risks/hazards can be quantified for each COPC and ROPC based on the availability of
9 physical/chemical parameters for fate and transport modeling and toxicity data for evaluating effects on

10 human health receptors. The human receptors identified in these tables are as follows:
11
12 • Hanford site industrial worker (Appendix A, Table A-7)

13 • Residential receptors (Appendix A, Table A-8)

14 • Native American subsistence receptors (Appendix A,Table A-9)

15 • Nursing infant (Appendix A,Table A-10)

16 • Acute receptor (Appendix A,Table A-11)

17
18 Tables A-12 through A-14 in Appendix A identify the ecological receptors for which hazards can be
19 quantified for each COPC and ROPC based on the availability of toxicity data for evaluating effects on
20 ecological receptors. The ecological receptors identified in these tables are as follows:
21
22 • Terrestrial plants and invertebrates (Appendix A,Table A-12)

23 • Terrestrial mammals and birds (Appendix A,Table A-13)

24 • Aquatic biota, salmonids, and benthic invertebrates (Appendix A,Table A-14)

25
26 The COPC and ROPC lists will be reevaluated for the final risk assessment (FRA) following the
27 environmental performance demonstration. This reevaluation will take into account any new information
28 gathered during the PRA and performance demonstration test and will include input and approval by
29 Ecology and EPA.
30
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Table 4-1 Organic Chemicals of Potential Concern (COPCs) for Pre-Demonstration Test Risk Assessment (PRA)

CASRegLvtry Toxicity Regulatory EPAAddifion

Constituent Number Valnce' DQO" toDQO` PIC?a

AromaficHaloHalogendrucarbuns

2,3,4,6=ictruchlurophenol 58-90-2 n,e X

4-Chloro-3-mcth 1 henol 59-50-7 3 c X

Arnmafi<Nonbalo enatedH drocarbons

= 2-Nitrotolucnc 88-72-2 n, a X

4-Nitrobiphcnyl 92-93-3 a X

Bcn¢cnc 71-43-2 c X PIC

'e Ethyl benzcnc 100-41-4 q r5 a, o X PIC

m-Xylcnc 108-38-3 n, a, e X PIC

o-Xylenc 95-47-6 n, a X PIC
c p-Xylcnc 106-42-3 n, a X PIC

Styrcnc 100-02-5 n, a, e X PIC

Toluene 108-88-3 u,a,e X PIC

Non-arnmatfc Nonhalo enatcd H drucarbons

1,2-Epoxybntane 106-88-7 n,z X

O I,}Butadiene 106-99-0 qa X PIC

1,4-Dioxanc 123-91-1 c, q e X PIC

p., I -Melbylpropylaleohol 78-92-2 n,a X

1-Nitrupropanc 108-03-2 n, a X

2,2,41rlmcthylpcntanc 540-84-1 n,a X PIC

= 2-Butanone 78-93-3 n,a,c X PIC

2-Butcnaidchydc (2-Butenal) 4170-30-3 n, a, c X PIC

2-Heptanone 110-43-0 n, a X

2-H¢xaoonc 591-78-6 n,a,c X

2-Methy42-propanol 75-65-0 n,a X

'= 2-Methyl-2-propenenitrila 126-98-7 n, a c X PiC

2-Mctlrylaziridlnc 75-55-8 n, a X

G 2-Mcthylpropylalcohol 78-83-1 n,a,e X

2-PCntanouc 107-87-9 n, a X

2-Propanonc (Acctonc) 67-64-1 n, a e X PIC

2-Propcno-i-ol 107-18-6 n,a,e X

2-Propylalcohol 67-63-0 n,a,e X

3-Hcptanonc 106-35-4 , a X

3-Methyl4l-butanol 123-51-3 u, a X

3-Mctlryl-2-butanonc 563-80-4 n, a X

3-PCntanovc 96-22-0 n X

4-HCptanonc 123-19-3 n, a X

4-MCthyl-2-pcntanonc 108-10-1 n, a,e X PIC

4-Methyl-3-penten-2-one 141-79-7 is, z X

5-Methyl-2-hexanone 110-12-3 n, a X

Acctaldchydc 75-07-0 c, it, a X PIC

Accqmidc 60-35-5 n a X

Aceticacid 64-19-7

,

n,a X

Acctic acid ethyl ester 141-78-6 n, a, c X

Aceticacidn-butylester 123-86-0 n,a X

^ Acctovitrile 75-05-8 n, a X PIC

_ Acrolein 107-02-8 n, a, c X PIC

.^ Acrylonitrile 107-13-I c, q a, c X PIC

Bis(isopropyl)cthcr 108-20-3 n X

Butane 106-97-8 n,a X

Carbon disulfidc 75-15-0 n,a,c X PIC

Cyclohexanc 110-82-7 n,a X

Cyclohcxanooc 108-94-I n, a X

Cyclobexene 110-83-8 n,a X

Cyclopcntanc 287-92-3 n,a X

EOryI alcohol 64-17-5 n, a X

Ethyl cthcr 60-29-7 n, a, o X

^ Formaldehydc 50-00-0 0, n, a c X PIC

Fonnamidc 75-12-7 n,a X

Formic acid 64-I8-6 n, a X PIC

Formic ecid, mctiryl cster 107-31-3 n, a X

Methylacctatc 79-20-9 X
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Table 4-1 Organic Chemicals of Potential Concern (COPCs) for Pre-Demonstration Test Risk Assessment (PRA)

CAS Registry Toxicity Rcgulatary EPA Addition

Cunfituent Number Values' DQO" InDQO` PiC?°

Methyl alcohol 67-56-I q a, e X

Methylisocyanatc 624-83-9 n,a X PIC

- Methyl tert-butyl ether 1634-044 n, a X PIC

Methylacetylene 74-99-7 n, a X

Methylryclohexane 108-87-2 n, a X PIC
x N N-Dimethylacetamide 127-19-5 n, a X

n-Butyl alcohol 71-36-3 n, a e X

n-Flep[ane 142-82-5 n,a,e X

n-Bexane 110-54-3 n, a, c X PIC

Nitromcthane 75-52-5 n, a X

n-NUnane I I I-84-2 n, a X

n-Octane 11I-65-9 n, a X

n-Pentane 109-66-0 n,a X

O n-Propionaldchyde 123-38-6 n, a X PiC

n-Propylalcohol 71-23-8 n, a X

p{. n-Valcraldchyde 110-62-3 n X

^ Oxirane 75-21-8 q a X PIC

Propionicacid 79-09-4 n,a X

- Propionltrile 107-12-0 n,a X

p-tcrt-Butyltolucne 98-51-I n X

Tricthylaminc 121-44-8 n, a X

Trimctlrylamine 75-50-3 q a X

Vin lacetffic 108-05-4 v,a,e X PIC

Nnn-aromaticRalo enatedn drocarbons

OC01 1,1,1,2-Tetracldoroethane 630-20-6 c,n,a,e X PIC

G I,I,I-Trichlorocihanc 71-55-6 n,a,e X PIC

0 1,1,2,2-Tetrachlorocthane 79-34-5 c,a,e X PIC

,E
1,1,2,2-Tetrachluroethene 127-18-4 c, n, a, e X PIC

1,1,2-Trichloroethane 79-00-5 e,n,a,e X PIC

1,1,2-Trichloroethylene 79-01-6 o,u,a,c X PIC

1,1-Dichloroethane 75-34-3 n, a,e X PIC

' 1,1-Dichloroethene 75-35-4 o,n,a,e X PIC

1,2,2=Crichloro-1,1,2-triflumoethane 76-13-1 n,a X PIC

1 2-Dichloro-1,1 2,2-tetrafluoroefhane 76-14-2 a X

1,2-Dichloroethane 107-06-2 e, 4 a. c X PIC

I,2-Dichloroethylene 540-59-0 n, a, e X

1,2-Dichloropropanc 78-87-5 q n, a, e X PIC

I-Chlorocthene 75-01-0 ,n,a,e X PIC

2,2-Dichloropropionicacid 75-99-0 n X
's 3-Chloropropenc(Allylchloride) 107-05-I X

Bromochloromcthanc 74-975 a X PIC

Bromodichloromclhane 75-274 c, u, a, c X PIC

Bromomcthane 74-83-9 n,a,c X PIC

Carbon tetrachloride 56-23-5 e, q a, c X PIC

Chlorodifluoromcthanc 75-45-6 n,z X PIC

`- CWorocthane 75-00-3 n a X PICp

Chlorofonn 67-66-3

,

q n, a, e X PIC
Chloromethanc 74-87-3 e, a, a X PIC

ChloropcntaFluorocthane 76-15-3 a X

cis-1 3-Dichloropropcne 10061-01-5 a X

Dichlorodiflnommethave 75-71-8 n, a e X PIC

D'mhlorofluoromethanc 75A3-0 a X
°u Dichloromcthanc 75-09-2 c,qa,e X PIC

Hexafluoroacetone 684-16-2 a X

trans-l,2-Dichloroethylene 156-60-5 n,a,e X PIC
trans-1,3-Dichloropropcne 10061-02-6 a X

'rrichloroaceticacid 76-03-9 a X
TrichloroFluoromcthane 75-69-4 n, a, e X PIC

Trifluorobromomelhane 75-63-8 a X

O
d

Page 4-11



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

Table 4-1 Organic Chemicals ofPotenfial Concern (COPCs) for Pre-Demonstrafion Test Risk Assessment (PRA)

CAS Regi try Toxicity Regulatnry EPA Addifion

Constlluent Number Values' DQO" toDQO` PIC?a

Dioxin and Furan Compounds CDDs/PCDFs

Dibcnzoforan 132-64-9 n, a c X PIC

Po chlorinated Bi hen Is PCBs)

Pol chlorinated bi hero Is (PCBs) 1336-36-3 q q a, e X PIC

Phthalatcs

Bis(2-ctlrylhexyl) phtbalxtc (DEHP) 117-81-7
c,

n, a, c X PIC
Butylbcnzyl phthalatc 85-68-7 n, a e X PIC

° Dibutyl phtlralate 84-74-2 n, a, c X PIC

Dicthyl phNalatc 84-66-2 n, a, c X PIC

n-Dio I p liffialate 117-84-0 n,a,e X PIC
Li htPO clicArumzficH drocarbuns molecularwci ht<200 /molc

2-Chtoronaphthalene 91-58-7 n, a,e X PIC

Acenaphlhcne 83^32-9 n, a,c X

U AoenaphOrylene 208-96-8 a,e X

Anthracene 120d2-7 n, a, c X PIC

Pluonvc 86-73-7 q a,e X PIC

Indenc 95-13-6 a X

L
Naphlhalenc 91-20-3 n,;e X PIC

Phenan[hrene 85-01-8 a, c X bench

cnc 129-00-0 q a, c X PIC

Heavy Pol clicAromaficH drocarbons mulecularweiwei ght gfir ide )
Pc 3-Mcthylcholan6rene 5649-5 a X

Bcnzo[a]anthracenc 56-55-3 o,a,c X PIC
O Benzo[a]pyrene 50-32-8 4^ e X PIC

Cj Benzo[b]fluoranthene 205-99-2 q q e X PIC

Bcvmh;,h,i]pcrylcnc 191-24-2 ac X PIC
Bcnzo[k]fluoranthcnc 207-08-9 q a, e X P!C

Chryscnc 218-01-9 4 a, e X PIC

Dibenz[a,b]anthraoene 53-70-3 4 a, e X PIC

Dibenzo[a,e]pyrene 192-65-4 a X

_ Flmranthenc 206-04-0 n, a, e X PIC

Hexacbloronaphthalenc 1335-87-1 a X

^ Indeno[1,2,3-cd]pyrene 193-39-5 e,a,e X PIC

Octachlorona hthalene 2234-13-1 a X

Li htSubstimtedBcrucneCom ounds mnlecularwr.iweight /mole

1,2,4-Trichlombenzene 120-82-I n,a,e X PIC

1,2-Dichlorobrnzane 95-50-I q a, o X PIC

1,3-Dichlorobenzene 541-73-1 a,e X PiC

1,4-Dichlorobenzenc 10646-7 c,n,a,o X PIC

1,4-Dinitrobenzene 100-254 n,a X PIC

2,4,5-Trichlorophenol 95-95-0 n,a,c X PIC

2,4,6-Trichlorophcnul 88-06-2 c, a, e X PIC

2,4-Dichlorophenol 120-83-2 n,a,c X PIC

2-Chlorophcnol 95-57-8 n,a X PIC

2-Chlorotolucnc 95-49-8 n, a c X bcnch

`- 2-Nitrophenol 88-75-5 a,a X PICS

a alpha-Mctlrylstyrcnc 98-83-9 n X

Chlombenxenc 108-90-7 n, a, c X PIC

Cumcnc 98-82-8 n,a,e X PIC

m-Cresol 108-39-4 n, q e X PIC

Nitrobenxcnc 98-95-3 q a, e X PIC

o-Creso] 95-48-7 n,a,e X PIC

^ Phcnol 108-95-2 n,a,e X PIC

-Nitroohlorobenzene 100-00-5 a X

OtherLi h[SemivolafiluCom ounds molernlarwei ht<200 /molc

1,1'-Biphenyl 92-52-0 n,a,c X PIC

1,1-Dimethylhydrazinc 57-14-7 a X

2-Propcnoicacid 79-10-7 nca,c X

U Acctophcnonc 98-86-2 n,a,e X PIC

0
Cyclohcxanol 108-93-0 a X

d Dimethylaniline 121-69-7 a, a, e X

d[-n-Propyln[trosammc 621-64-7 Sa X PIC
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Table 4-1 Organic Chemicals ofPotenfial Conccrn (COPCs) for Pre-Demonstrafion Test Risk Assessment (PRA)

CASRel,dstry Toxicity Regulatory EPAAddition

Constituent Number Values' DQO" tuDQO` PIC?°

Ethylenc dibromide 106-93-4 , q e x PIC

Etbylcwe glycol monobutyl ether 111-76-2 n, a, c X PIC
Mctbylhydrazino 60-344 c,a X

N,N-Diphcnylaminc 122-39-4 n,a,e X PIC

Nitricacid,propylcstcr 627-13-4 a X

N-Nitrosomor hoBnc 59-89-2 a X

N-Nitroso-N,N-dimetlrylamine 62-75-9 c, a X PIC
Oxalicaud 144-62-7 a X

C p-Phthalic acid 100-21-0 a X

Pyridiuc 110-86-I n, a, c X PIC

- Quinolinc 91-22-5 c, a X PIC
- Tctr drofuran 109-99-9 a X PIC

s o OtlverHea SemivolalileCom ound.v(molecularwei ht>200 /mole

2,6-Bis(tert-butyl)-4-me0iylphenol 128-37-0 none X

2-sec-Butyl-4,6-dinitrophenol 88-85-7 n,a,e X

4-Bromophenylpherryl ether 101-55-3 q c X

a Dis(3-tcrt-butyl-4-hydroxy-6-methyl-^

phenyl)sulfde 96-69-5 a X

Dibutylphosphate 107-664 a X

Z,a Hexachlorobcnzene I18-74-I a,e X PIC

Hrrzachlorobu[adiene 87-6S-3 c, n, a, e X PIC
HexachloroeNane 67-72-I q a, a, e X PIC

Mirex 2385-85-5 c, a, a, e X
O Pentachloronitrobcnzene 82-68-8 c,a,a,e X PIC

Pcntaehloropheuol 87-86-5 c,n,a,e X PIC
Picricacid 88-89-I a X

a E; Tcrphcuyls 26140-60-3 a X
,`n a Tdbutylphosphate 126-73-8 a X
rv:< Triflmalin 1582-09-8 c, a, a, e X

Herbicides and Or anochlorinated Pesficides

F G 2,4,5-T 93-76-5 n, a,e X

W 2,4-D and csters 94-75-7 a, a X PIC
4,4'-DDD 72-54-8 q q e X

_ 4,4'-DDE 72-55-9 G a, e X PIC

C 4,4'-DDT 50-29-3 c, is, a, e X
Aldrin 309-00-2 c, v, a, e X

alpha-BHC 319-84-6 q a, e X PIC

beFa-BHC 319-85-7 c, a, c X PIC

^ delta-BflC 319-86-8 e X

p Dicldrin 60-57-1 c,n,a,e X

Endrin 72-20-8 n, a e X

gamma-BHC (Lindene) 58-89-9 y v, a, e R PIC
Hcptachlor 76-44-8 q a, A c X PIC
Isodrin 465-73-6 a X

Mdhoxychlor 72-43-5 n, a, e X PIC
Silvac (2,4,5-TP) 93-72-I n, a, e X

Toxs hene 8001-35-2 c,a,e X
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Table 4-f Organic Chemicals of Potential Concern (COPCs) for Pre-Demonstration Test Risk Assessment (PRA)

CASRcgutry Toxicity Regulatory EPAAddidon

Constituent Numbcr Valun' DQO" toDQO` PTC?,

AromaficNonhalo enatcdH drocarbons

O F Ben l alcohol 100-51-6 n, 3 e fzte

Non-aromaticNonhalo^cnatedH drocarbons

^'c Mothylmcthacrylate 80-62-6 n, a,e bench

1. p-Cynnene 99-89-6 n bench

m i Nan-aromafie Hala enated H drncarbons
E s U Iodomethaue 94-88-0 a bench

cis-1,2-Dichloroethene 156-59-2 n,a bench

Li htPo chcAromaficH drocarbans molecularwci^ht<200 /molc
Hg o 2-Methy l na hthal®c 91-57-6 n, a, e bench

F ^ c Li htSubsfitutedBenzeneCom ounds(molecularwriweight mole

1,2,3-Trichlorobenzcne 87-61-6 a, e bench

n-Prapylbenzene 103-65-I a bench

n-Butylbenzenc 104-51-8 a bench

4-Chlorotoluene 106-43-4 a bench

o r^ Bromobrnzrne 108-86-I a bench

su:-Butyl bemene 135-98-8 a bench

U W tert-Butylbeneene 98-06-6 a bench

d a` 124-Trimeth I bcnzene 95-63-6 n, a bench
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Table 4-1 Organic Chemicals of Potential Concern (COPCs) for Pre-Demonstration Test Risk Assessment (PRA)

CASRegistry Toxicity Regulatory EPAAddifion

Consfituent Number Values DQO° toDQO` PIC?°

AromaficNonhalo Hydrocarb onsarb

Benzaldch de 1 00-52-7 n,a,e PIC

Non-aromaHcNonhsloenatedH drocarbons

Propargyl alcohol 107-19-7 n, a, c PIC

= Glycidylaldehydc 765344 n, a, c PIC

Propyleneglycolmonomethylether 107-98-2 n,a PIC

2-Methoxyethanol I09-86-4 n, a PIC
2-Ethoxyethnnol 110-80-5 n, a PIC
Cyanogcn 460-19-5 n, a PIC

Phosgenc 75-44-5 n, a PIC

Eth Imethao Iafe 97-63-2 n, a PIC
Non-aromatic Halo enated H drocarbons

Bromoform 75-25-2 a, e PIC

1 3-Dichloropropene 542-75-6 o,n,a,e PIC

Chlorodibromomethane 124-08-I c, n, a, e PIC

La, I 23-Trichloropropaac 96-I8-4 n, PIC

I 4-Dichloro-2-butene 76441-0 c, a PIC

1,2-Dibromo-3-chloropropaae 96-12-8 q n, a PIC

Cyanogen bromide 506-68-3 n, a, e PIC

Cyanogen chloride 506-77-4 n, a, e PIC

Pentachloroethane 7601-7 a,e PIC

Bromoethcec 593-60-2 v,a PIC

Mc[hylrncbromide 74-95-3 v,a PIC

2-Chloro ro ane 75-29-6 n,a PIC

Dioxin and Furan Com ounds PCDDs/PCDFs

Octachlorodibenzofuran 39001-02-0 , PIC

Octachlorodibenzo(p)dioxin 3268-87-9 , a PIC
1,2,3,7,8-Peatachlorodibenxufuran 57117-41-6 c^a,e PIC

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 a,a PIC

I,2,3,4,7,8,9-Heptachlorodib<mzofuran 55673-89-7 c,a PIC

1,2,3,4,6,7,8-HCptachlorodibcozo(p)dioxin 35822-46-9 a,a PIC

1,2,3,7,8,9-Hcxachlorodlben2ofiuan 72918-21-9 o,a PIC

2,3,7,8-Tetrachlorodibenzofimzn 51207-31-9 u,a,e PIC

O 1,2,3,6,7,8-HcxacWorodibenzofurav 57117-44-9 q a,e PIC

I m 2,3,4,6,7,8-Hcxacldomdibevzofuran 60851-34-5 4 a PIC
1,2,3,4,7,8-Hcxachlorodibcnzofuran 70648-26-9 o,a PIC
I 2 3,7,8,9-Hexachlorodibcnxo(p)dioxin 19408-74-3 q a PIC
1,2,3,6,7,8-Hexachlorodibcnzo(p)dioxin 57653-85-7 c, a PIC

'. I 23,4,7,8-Hexachlorodibenzo(p)dioxin 39227-28-6 c,a PIC

2,3,4,7,8-Pentachlorodibenaofursn 57117-31-4 c, a,c PIC

2,3,7,8-9'etrachlorodibenzo(p)dioxin 1746-01-6 c, a,e PIC

1,2,3,7,8-PCntachlorodibenzo+ dioxin 40321-76-4 c a PIC

Po chlarinated Bi hen Is PCBs

2,3;4,4',5,5'-Flexachlorobiphenyl 52663-72-6 c PCB

2,33;4,4'-Pentachlorobiphenyl 32598-14-4 c PCB

2;3,4,4',5-Pentaohlorobiphenyl 65510-44-3 c PCB

33;4,4'-Tehachlorobiphenyl 32598-13-3 c PCB

3,4,4',5-Tetrachlorobiphenyl 70362-50-4 c PCB
U 2,3,3',4,4',5,5'-Heptachlorobiphenyl 39635-31-9 c PCB

2,3,4,4',5-Pentachlorobiphenyl 74472-37-0 c PCB

2 33;4,4;5-Hcxachlorobiphenyl 38380-08-4 c PCB

0 2,3,3',4,4',5'-Hexzahlorobiphenyl 69782-90-7 c PCB

L' 23;4,4',5-Pentachlorobiphenyl 31508-00-6 c PCB

w 3,3',4,4',5-Perrtzchlorobiphcnyl 57465-28-8 c PCB
3,3',4,4',5,5'-Hexachlorobi hen 1 32774-16-6 c PCB

Phthalate

Dimeth I hthaletc 131-II-3 a e PIC

Li htSubsfimted BenzeneCom ounds (molecular weht<200 /mole

Aniline 62-53-3 c n a PIC
Benzyl chloride 100-04-7

, ,

q z PIC

p o-Toluidinc 95-534 , PIC

Benmtrichloride 98-07-7 q a PIC
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Table 4-1 Organic Chemicals ofPotenfial Concern (COPCs) for Pre-Demonstration Test Risk Assessment (PRA)

CASRegisp.y Toxicity Rcgulatory EPAAddition

Coestituent Number Valves' DQO" toDQO` PIC?a

p-Toluidine 10649-0 c, a PIC

2,4-Dinitrotolnenc 121-14-2 q n, a, e PIC

2,6-Dinitrotolucnc 606-20-2 c,n, a,e PIC

4-Nitrophcnol 100-02-7 a c PIC

2,4-Dimcthylphcnol 105-67-9 n, a,c PIC

2,4-Dinitrophcnol 51-28-5 n, a,c PIC

U p-Chlomuniline 10647-8 q a, c PIC

I 3-Dinitrobcnzcnc 99-65-0 PIC.

4,6-Dinitro-o-cresol 534-52-1 a PIC

p-Cresol 106-44-5 q a PIC
U 1,3,5-Trimcthylbcnzcnc 108-67-8 u,a PIC
r

o-Dinitrobenzene 528-29-0 n, a PIC

;8 Tolucne-2,6-diuminc 823-00-5 n,a PIC

m o-Nitroanilinc 88-74-0 n, a PIC

OtherLiCroupounds(moiccularwei ht<200 /mole

F Epichlorohydrin 106-89-8 c,n,a PIC

Dichloroisopropylcther 108-60-I PIC

Ethylenc thiourea 96-45-7 4 n, a, e PiC

1,2-Diphenylhydrazine 122-66-7 S a,e PIC

N-Nitrosodi.n-butylaminc 924-16-3 c PIC

Bis(2-chloroethyl) ether 111-044 , PIC

1,2-Dimethylhydrazinu 540-73-8 q a PIC

Dichloromethyledmr 542-88-I q a PIC

Phthalic anhydridc 85-44-9 n, a, c PIC

Malcic hydrv.idc 123-33-1 n, a, c PIC

Rcnxoie acid 65-85-0 n,a,e PIC

b:thylcnc glycol 107-21-I n,a c PIC

'3

^

Furfural 98-01-I n,a,c PIC

4,4'-Mcthylcnedianilinc 101-77-9 a PIC

v Quinonc 106-51-4 a PIC

^- 6is(2-chlorocthoxy)mcthanc 111-91-1 it PIC

- 1,3-Propanc sultonc 1120-71-4 a PIC

w r Ethyl carbamate (Urethane) 51-79-6 a PIC

2,4-Tolucnc diisocyanatc 584-84-9 a PIC

Ethylmcthancsulfonatc 62-50-0 a PIC

Dimcthyl sulfate 77-78-I a PIC

o-Anisidinc 90-04-0 a PIC

Safrolc 94-59-7 a PIC

Malononitrilc 109-77-3 , a PIC

p=., Ethylene glycolmonoethyletheracetate 111-15-9 n,a PIC

Muthylstyrenu(mixedisomrrs) 25013-15-4 is PIC

2-Chloroaceto henone 532-27-4 n PIC

c OtherHea SemivolafileCom ounds malecularwei ht>20D ghnole)
Captan 133-06-2 c, n, a PIC

3,3'-Dimcthoxybcozidinc 119-90-4 c, a PIC

mU Chlorobenzilatc 510-15-6 q n,a PIC

,3'-Dichlurobenzidinc 91-94-I q it PIC

Azobrnzcnc 103-33-3 c PIC

Strychninc 57-24-9 n, a,e PIC

G Huxachlorocyclopcntadicuc 77-474 v, a,e PIC

Pcntachlorobcnzcnc 608-93-5 q a,e PIC

V 1,3,5-Trinitrobcnzcnc 99-35-4 n, a,c PIC

Hcxachlorophcnc 70-304 n, a,c PIC

', - Pronamidc 23950-58-5 n,e PIC
ei

1,2,4,5-TCnachlombenzenc 95-94-3 u,a,e PIC

2-C^dohoxyl-4,6-dinitropheool 131-89-5
n,

e

PIC

Dimethyluminoazobenzenc 60-II-7 a PIC

Hcxan>L-ih lcnrzl,5-diisu nnntc 822-06-0 n,a PIC

o HerbicidesandOr anochlorinatedPeaficides

Chlordanc 57-74-9 PIC

Endothall 145-73-3 PIC
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Table 4-1 Organic Chemicals of Potential Concern (COPCs) for Pre-Demonstration Test Risk Assessment (PRA)

CAS Registry Toxicity Rcgulamry EPAAddition

Consfituent Number Values' DQO" toDQO` PIC?"

Non-aromxfieHaloenatedH drocarbons

> Trichlorofluoroethane 27154-33-2 none X

DiFluorodibromomethane 75-61-6 none X
a

l,1,1,2-Tetrachloro-2,2-difluaroethane 76-II-9 none X

3 p L1,2,2-7-etrachloro- 1,2-difluoroethane 76-Ib0 none X

LightPo c clicAromaficH drocarbons molcaularwei ht<200 /molc

5-Nitroacena Irthenc 602-87A none X

- Li htSubsfitutcdBenzrneCum ounds molccularwci h[<200 m01c

Trimeth Ibenzene 25551-13-7 none X

Other Light Semivola5le Com ounds molecular weight <200 gli nole)

Di hen Iether 101-84-8 none X

Heav,P01 clicAromaficH drucarbons (molecular weht>200 gfmole )
W 5-Methyl6rysene 3697-24-3 nnne X

Benzo[;i]p}rzene 191-30-0 uone X

Benzo[j]fluor thene 205-82-3 none X P1C

q Dibenx[a,h]acridine 226-36-8 none X

ry G1 +'r Dibcnz[ad]aaidinc 224-42-0 none X

°

tl

Dibenzo[a,h]pyrcne 189-64-0 nonc X

m
F

Dibenzo[a,i]pyrene 189-55-9 none X
m

Pen[achloronaphthalene 1321-64-8 none X

Tetrachloronaphthalene 1335-88-2 none X

Trichlmona hthalevo 1321-65-9 none X

s o Other Hea SemivolafileCom unds molecularweiweight /mole

Nitrofcn 1836-75-5 none X

Ammonium perfluorooctanoate 3825-26-1 none X
Q e Tri hcn lamine 603-34-9 none X

^
Pol chlorinated Bi hen Is PCBs

° s 0.

s̀ 9 a U i, 2,2',3,4,0.',5,5'-Heptachlorobiphenyl 35065-29-3 none PCBF

2,2',3,3;4,4',5-Hoptachlorobiphenyl 35065-30-6 nonc PCB

is^ o
m

Other Light Semivolafile Compounds molecularwei ht <200 /molc
w x V

4 Pa
v

*

Chlorocyclopentadiene 41851-50-7 none PIC

4 Dichloropentadiene 61626-71-9 none PIC

`rqc
'

Hea Polycyclic Aromatic Hydrocarbons (molecular weiEht>200 g/mole)
C: ° oa

Benzo[e]pyrene 192-97-2 none PIC

^. Dibcnzo[a,c]fluomnthenc 5385-75-I none PIC

E`;^ Dibcnzo[a,hlfluoranthcvc No CAS b nonc PIC

°1'oxixltyValues-denotestoxicity information where

e- carcinogenicvalue.savcilable

n - nn- r nogcnietoxieity values available

e- ewleyicaltuxicity values available

a-acute toxicity values available

dtegulatnry DQO - "X"indicates this compoundwaz one ofthepriority-regulatedorganic wnitilurn6listedinTablod4 ofthereSulatory DQO.

`EPA Addition to DQO -X" indicates this compound was added by EPA despite being eliminated in the Reg DQO due to low toxicity

°PIC- indicates the cons4tuent is iden6fied as a product of incwmpletee combustion in EPA's Human Health Risk AssessmentProtocol

for Hazvdous Waste Combustion Facilities, Table A-1, information on Compounds of Potcn6al In6res, Volume 2, Peer Review Draft

Tnem is uo nxd to ecnsider feW chaructcriretion for ehreniads that are only uvalumed as PICs

CAS= Chemical Abstracts Service.

DQO = Data quality objective.

WTP = Hanford Tank Waste Trcatmcnt and lmmobilixation Plant.
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Table 4-2 Inorganic Chemicals of Potential Concern (COPCs) for Preliminary Risk Assessment

CAS Registry Regulatory

Constituent Number Toxicity Values' DQO°

Metals

Aluminum 7429-90-5 a,e X
Antimony 7440-36-0 n, a, c X

Arsenic 7440-38-2 c, n, a, c X

Barium 7440-39-3 n, a, e X

Beryllium 7440-41-7 q o, a, e X
Bismuth 7440-69-9 a X
Boron 7440-42-8 n, a, e X
Bromide 24959-67-9 e X
Cadmium 7440-43-9 c, n, a, e X
Calcium 7440-70-2 a X
Chromium 18540-29-9 c, n, a, c X
Cobalt 7440-48-4 a, c X
Copper 7440-50-8 a,e X
Iron 7439-89-6 a, e X

Lead 7439-92-I a, c X
Lithium 7439-93-2 a, c X
Magnesium 7439-95-4 a X

Manganese 7439-96-5 n, a, c X

Mercury 7439-97-6 n, a, e X
Molybdenum 7439-98-7 n, a, c X
Nickel 7440-02-0 c, n, a, e X

Potassium 7440-09-7 a X
Rhodium 7440-16-6 a X
Selenium 7782-49-2 n, a, e X
Silicon 7440-21-3 a X
Silver 7440-22-4 n, a, e X
Sodium 7440-23-5 a X
Strontium 7440-24-6 n, a, e X
Thallium 7440-28-0 n, a, c X
Tin 7440-31-5 n, a, c X
Tungsten 7440-33-7 a X

Uranium 7440-61-1 n, a,c X
Vanadium 7440-62-2 n, a, c X
Yttrium 7440-65-5 a X
Zinc 7440-66-6 n, a, c X
Zirconium 7440-67-7 a, X

Non-metals and Anions

Ammonia/Ammonium 7664-41-7 n, a,e X
Cyanide 57-12-5 n,a,c X
Fluoride 16984-48-8 n, a, e X

Iodine 7553-56-2 a, e X

Nitrate 14797-55-8 n,a X

Nitrite 14797-65-0 n X

Phosphorus 7723-14-0 a X

Sulfate 14808-79-8 a X
Total sulfur 63705-05-5 a X

Criteria Pollutants
Carbon monoxide 630-08-0 a

Nitrogen dioxide 10102-44-0 a

Ozone 10028-15-6 a
Particulate matter No CAS 4 a

Sulfurdioxidc 7446-09-5 a
Metals

Tantalum 7440-25-7 none X
Chloride 16887-00-6 none X

Hydroxide 14280-30-9 none X
Phos hate 14265-44-2 none X

DQO Chemicals:

These 45 chemicals have toxicity data and

were on the original regulatory DQO list

These COPCs can be quantitatively

evaluated.

5 chemicals were included as COPCs

ie they are criteria pollutants. These

s can be quantitatively evaluated.

is no need for feed characterization

se chemicals.

DQO Chemicals:

These 4 chemicals do not have toxicity data

but were on the regulatory DQO Iist These

COPCs cannot be evaluated quantitatively.

'Toxicity Values - denotes toxicity information where_

c - carcinogenic values available

n - non-carcinogenictoxicity values available

e- ecological toxicity values available
u- acute toxicity values available

"Regulatory DQO -"X" indicates this compound was one of the priority regulated inorganie constituents listed in the regulatory DQO.

CAS = Chemical Abstracts Service.

DQO =Data quality objective.
WTP =Hanford Tank Waste 9Teatment and Immobilization Plant
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Table 4-3 Radionuclides of Potential Concern (ROPCs) for Preliminary Risk Assessment

Constituent Number Toxicity Values'

um-241 1596-10-2 c, a, e
iy-125 14234-35-6 c, a, e, i

137 13981-97-0 c, a, e, i

n-113 14336-66-4 c,a,e,i

134 13967-70-9 c,a,e

137 10045-97-3 c, a, e
n-154 15585-10-1 c, a, e
n-155 14391-16-3 o,a,e

-93 7440-03-1 e c, a, e
m-239 15117-48-3 c,a,e

m-241 14119-32-5 c,a,e
m-I51 15715-94-3 c,a,c

n-90 10098-97-2 c, a, e, i

um-99 14133-79-7 c, a, e

10028-17-8 c, a, e

Actinium-227 14952-40-0 c, a, e
Americium-243 14993-75-0 0, a, c

Carbon-14 14762-75-5 c,a,e
Cobalt-60 10198-40-0 c, a, c, i

Curium-242 15510-73-3 c,a,c
Curium-243 15757-87-6 c, a, e
Curium-244 13981-15-2 c, a, e
8uropium-152 14683-23-9 c,a,e

Todine-129 15046-84-1 c, a,e,i

Neptunium-237 13994-20-2 c, a, e
Nickcl-59 14336-70-0 0, a, e, i
Nickel-63 13981-37-8 c, a, e, i

Plutonium-238 13981-16-3 c, a, e

Plutonium-240 14119-33-6 c, a, e
Plutonium-242 13982-10-0 0, a,e

Protactinium-231 14331-85-2 c, a, e
Radium-226 13982-63-3 c,a,e
Radium-228 15262-20-1 c,a,e
Ruthenium-106 13967-48-1 e,a,e

Selenium-79 15758-45-9 c,a,e,i
Thorium-229 15594-54-4 c,a,e
Thorium-232 7440-29-1 c, a, e
Tin-126 15832-50-5 c,a, e, i
Uranium-232 14158-29-3 c, a, e, i
Uranium-233 13968-55-3 c, a, e, i
Uranium-234 13966-29-5 c, a, c, i
Uranium-235 15117-96-1 c, a, e, i
Uranium-236 13982-70-2 c, a, e, i

Uranium-238 7440-61-I c, a, e, i
Zirconium-93 15751-77-6 c. a.e.i

Primary Radioactivity:

These 16 radionuclides have toxicity data

and contribute greater than 99.99 % of the

radioactivity in the tank waste. These

ROPCs can he quantitatively evaluated.

30 radionuclides were included as

s because of their toxicity. These

s can be quantitatively evaluated.

"Toxicity values - denotes toxicity information where:

c - carcinogenic values available

e- ecological toxicity values available

a - acute toxicity values available

i- the stable form of this radionuclide is evaluated as an inorganic COPC for health effects not associated with radioactivity.

"CAS Registry Number for niobium metaL

CAS = Chemical Abstracts Service.

COPC = Chemical of potential concern.

WTP=Hanford Tank Waste Treatment and Immobilization Plant.
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Figure 4-1 Selection of Constituents of Potential Concern

Chemicals of Potential Concern
(COPCs)

Consolidated list of compounds used as input for regulatory DQO list
(Wiemers and others 1998)

• ToxicAirPollutant(TAP)IistsClassesA(WAC173-460-150)andB

(WAC 173-460-160)

• Underlying Hazardous Constituents (UHC) list (40 CFR 268.48).

• Universal Treatment Standards (UTS) list (40 CFR 268.48)_

• Double-Shell Tank System (DST) Dangerous Waste Permit Application
(DOE-RL 1991) constituents except for waste code P039.

• Double-Shell Tank Waste Stream Profile Sheet constituents.

Chemicals screened out based on:

Organics

• Detectability and availability of analytical methods, stability in the
DST environment, association with Hanford waste inventories.

inorganics

• Availability of analytical methods, Hanford waste inventories.

Chemicals potentially present in tank waste as identified by regulatory
DQO process plus 14 coplanar PCBs.

• 139 organics (Appendix A, Table A-1).
• 49 inorganics (Appendix A, Table A-2).

Potential Products of Incomplete Combustion (PICs) recommended

by EPA ( 1998a) (organics [Appendix A, Table A-3]).

Potential PICs measured in bench-scale trials (organics [Appendix A,
Table A-4]).

Organic chemicals detected in tank waste and eliminated in the
regulatory DQO process due to low toxicity and infrequent detection
(Appendix A, Table A-5)}

Organic chemicals not detected in tank waste and eliminated in the

regulatory DQO process due to low toxicity (Appendix A, Table A-5).

Inorganic criteria pollutants

Chemical COPCs (370 organics, 54 inorganics)

Preliminary COPCs and ROPCs identified for
evaluation in the PRA

Radionuclides of Potential Concern
(ROPCs)

Radionuclides in tank waste
representing > 99.99 % oftotal
mdioactivity .

Radionuclides considered
important due to toxicity.

ROPCs (Appendix A, Table A-6).
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5 Estimation of Emissions

2 The Hanford Tank Waste Treatment and Immobilization Plant (WTP) is being designed to pretreat and
3 vitrify radioactive mixed waste. A bounding estimate of stack emissions from the WTP has been
4 developed to allow for numerical quantification of the human and ecological risks associated with
5 airborne emissions. The emissions estimate individually considers 470 organic, inorganic, and
6 radionuclide constituents of potential concern that could result from processing Hanford tank waste
7 through the WTP. This section provides an overview of the assumptions and methodology used to arrive
8 at the WTP stack emission estimates.

10 5.1 Emissions Sources

11 The screening-level risk assessment (SLRA) considers potential emissions from the following sources.
12
13 Process Emissions. Process emissions are defined as chemicals and radionuclides released from the
14 WTP plant stacks as a result of normal (also known as routine) operations. Emissions associated with
15 waste processing are discussed in section 5.2.
16
17 Process Upset Emissions. Process upset emissions are defined as chemicals and radionuclides released
18 from the WTP stacks as a result of nonroutine operations (such as a process malfunction). Process upset
19 emission rates are assumed to be higher than normal process emission rates because the upset condition is
20 assumed to result in decreased offgas treatment efficiency or increased formation of products of
21 incomplete combustion (PICs). However, process upset emissions are for a shorter duration. For the
22 pre-demonstration test risk assessment (PRA), the conservative assumption that all upset conditions result
23 in increased emission rates for short durations will be used. Process upset conditions are further
24 described in section 5.3.
25
26 Non-Steady State Operations Emissions. The WTP may have idle time and will have maintenance
27 time. Changeout of HEPA filter-media and replacement of catalysts are examples of maintenance
28 activities. These non-steady state operations are assumed to be bounded by the upset factor multipliers
29 (See section 5.3).
30
31 Fugitive Emissions. Fugitive emissions are defined as emissions of chemicals and radionuclides from
32 non-stack sources. The WTP processing buildings that will manage the Hanford tank waste will be
33 operated under negative pressure, and the air from the process buildings will be released to the
34 atmosphere through one of the stacks or flues described in section 3.5. Since the WTP will not have
35 emissions that do not pass through a stack or flue, by definition, the fugitive emissions from the facility
36 will be zero. However, the WTP emissions will consist of vapor phase organics that are assumed to be
37 derived from leaking valves and other ancillary equipment located in WTP process cells. These vapor-
38 phase organic emissions are analogous to fugitive emissions, in that they will be unabated by the offgas
39 treatment systems (that is, high-efficiency particulate air [HEPA] filtration systems) that control
40 emissions from process cells. Fugitive emissions and unabated organic emissions from process cells are
41 further described in section 5.4.
42
43 The SLRA will not consider emissions associated with accidental releases or with the retrieval and
44 transfer of wastes from the Hanford double-shell tank (DST) system. Accident scenarios, such as the
45 rupture of a tank or vessel line, are addressed in the hazards analysis and other nuclear and process safety
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I documents. Emissions associated with the transfers from the Hanford DST system are expected to be
2 sufficiently bounded by the WTP process emissions estimates, as described in section 5.5.
3
4 5.2 Process Emissions

5 The methods, assumptions, and resulting process emission rates are documented in the Integrated

6 Emissions Baseline Reportfor the Harzford Tank Waste Treatment and Immobilization Plant

7 (24590-WTP-RPT-PO-03-008). This report is included as Attachment I to this work plan and is
8 summarized below.
9

10 7hHSrRcHs 1-p issiRns H'* EAWD d]-pF%Hi using ftW73 Srl^1fW FD1-(ihHs)Wy-s)kJMfCkwshF{4V
11 model. The steady-state flowsheet tracks modeled constituents across the pretreatment, low-activity
12 waste (i AW) vitrification, and high-level waste (Hi W) vitrification facilities, and provides a steady-state
13 representation of process stream compositions at unit operation locations. The steady-state conditions
14 provide an overall material and energy balance with time-averaged flow rates. The steady-state flowsheet
15 allows for the use of simple equipment decontamination factors or more complex thermodynamic
16 calculations to evaluate the modeled constituents of concern. Decontamination factors are defined as the
17 ratio of the constituent concentration going into a unit operation to the concentration of the constituent
18 coming out of the unit operation. Evaporator partitioning and organic vessel vent emissions were
19 predicted from known liquid-phase concentrations using vESRrd@uid Hpai(DEriup HSrl-ysiRns. HHiry's
20 i aw constants were compiled for the organic vapor-liquid equilibrium calculations.
21
22 The steady-state flowsheet tracks the main constituents expected to have the greatest impact on the
23 material and heat balance of the plant. The constituents tracked in the steady-state flowsheet account for
24 117 of the constituents of potential concern. Specifically, 51 of the 250 feed organics, 35 of the
25 49 inorganics, 28 of the 46 radionuclides, and 3 of the 5 criteria pollutants are part of the baseline
26 steady-state flowsheet. The emission rates for constituents of potential concern not analyzed directly in
27 the steady-state flowsheet (with the exception of PfCs) were estimated using the modeling output from a
28 constituent that was in the steady-state flowsheet. The correlations of modeled and unmodeled
29 constituents were based on constituents having similar physical properties with an adjustment made for
30 differing feed concentrations, if applicable.
31
32 The emission rates of PfCs were estimated based on research and technology testing data from
33 small-scale melter runs spiked with hazardous organic constituents at the s itreous State i aboratory of the
34 Catholic r niversity ofAmerica. The PfC emission rates are based on an assumption that, after offgas
35 treatment, PfCs will be present in the stack at concentrations equal to the analytical detection limit
36 concentrations from the small-scale melter tests.
37
38 Additional details on process emissions estimation, including the basis for feed composition, treatment
39 efficiencies, the correlation of modeled and unmodeled constituents, and PfC emission rates are described
40 in the Integrated Emissions Baseline Renortfor7he Hanford Tank Waste Treatment and Immobilization
41 Plant (24590-WTP-RPT-PO-03-008).
42
43 5.3 Process Upset Emissions

44 Process upset conditions include periods of startup, shutdown, process malfunction (that is, the unit is
45 operating outside the permitted operating conditions), or equipment failure. Periods when process
46 equipment is being maintained or in an idle condition are also included. Process upset conditions are
47 generally assumed to result in greater than normal stack emissions during the short period of the upset.

Page 5-2



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

However, the US Environmental Protection Agency (EPA) has indicated that upsets are not generally
expected to significantly increase stack emissions over the lifetime of a facility (EPA 1998a).

4 The potential for increased emissions during upset events will be addressed through the application of
5 upset factors. These upset factors, as described below, will be applied (that is, adjustments will be made)
6 to the estimated emissions that are environmentally modeled. These upset factors are based on the
7 amount of time the facility is expected to operate in an upset condition and the estimated magnitude of
8 stack emissions during upset relative to routine operating conditions. The preferred method for
9 estimating this upset factor is through the use of data from existing facilities that have operating

10 conditions similar to the proposed WTP. The frequency and duration of upset events may be estimated
11 based on EPA 1998a:
12
13 • Data from continuous emissions monitoring systems that measure operating parameters such as stack
14 carbon monoxide or oxygen

15 • Data on combustion chamber, air pollution control system (APCS), or stack gas temperature

16 • Ratio of automatic waste feed cut-off frequency and duration to operating time

17 • Variations in the APCS operating conditions

18
19 The potential magnitude of emissions during upset events may be estimated based on stack test data
20 collected during upset conditions.
21
22 EPA default upset factors represent worst-case conditions and will be used for the PRA unless sufficient
23 process information is available to estimate site-specific upset factors. EPA default upset factors are
24 based on the data described above from operating hazardous waste combustion facilities. The default
25 upset factors are expected to over-predict upset emissions from the WTP for several reasons, including:
26
27 • Carbon monoxide is frequently used as an indicator of upset conditions, and automatic waste feed
28 cut-offs are often triggered by increased stack gas concentrations of carbon monoxide. However,
29 routine operations, such as adjusting waste feed or air intake rates, will cause brief spikes in carbon
30 monoxide concentration.

31 • Test data used for these defaults is based on hazardous waste combustion facilities designed for the
32 destruction of liquid or solid organic waste, or both. The technology and waste feed of the WTP
33 melters are different and less subject to upset than these facilities.

34
35 EPA 1998a default upset factors are 2.8 for organic chemicals and 1.45 for metals calculated as shown
36 below.
37
38 Organics. A default facility is assumed to operate under upset conditions 20 % of the time and stack
39 emissions are assumed to be 10 times greater than normal during this time.
40
41 Upset Factor = (0.80) (1) + (0.20) (10) = 2.8
42
43 Metals. A default facility is assumed to operate under upset conditions 5 % of the time with stack
44 emissions 10 times greater than normal during this time.
45
46 Upset Factor = (0.95) (1) + (0.05) (10) = 1.45
47
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EPA has not determined a default upset factor for radionuclides. For the PRA, radionuclides are assumed
to behave similarly to metals with an upset factor of 1.45. The same upset factors will be used for both
the plausible and worst-case scenarios in the PRA and the final risk assessment (FRA).

These default upset factors (2.8 for organics and 1.45 for inorganics and radionuclides) will be used for
all vapor-phase emissions. An upset factor of 1 will be used for all particle and particle-bound emissions
as described below.

The entire pretreatment and vitrification processes will be contained within buildings designed such that
the only exits for air and emissions will be through one or more HEPA filters. When the process is
operating normally, all air and emissions will pass through numerous air pollution control devices.
However, even if the process experiences an upset condition or shuts down and all of the active pollution
control devices operate poorly or fail completely, the only way for air and emissions to pass out of the
facility will be through the HEPA filters. Therefore, an upset factor of I will be applied to the particulate
and particulate-bound emissions estimates for organics, inorganics, and radionuclides because the HEPA
filter removal efficiency used in the emissions estimate already includes an assumption of decreased
removal efficiency due to upset conditioms such as moisture in the filters.

5.4 Fugitive Emissions

) ugiWl-11-p issiRns arHdpfinl{l as "1-p issilZns, whiFh FRuld not reasonably pass through a stack, chimney, vent,

Rr R%{ funFVlnally 1-ruivall-p)Wfping" (WAC 173-400-030). 7 hHW73 prRH4s Fiaildings VW)* anagHV44
Hanford tank waste will be operated under negative pressure, and the air from the process buildings will be
released to the atmosphere through a stack or flue. Transfer lines between buildings that will contain Hanford
tank waste will be double-wall pipe. The WTP will, therefore, not emit fugitive emissions.

Building ventilation and process offgases will be treated by abatement systems that employ best available
control technology for criteria pollutants, radionuclides, and toxic air pollutants prior to release to the
environment through a stack or flue. I rganic compounds could be released into the process cells from
ancillary equipment. These emissions will be treated by HEPA filters that will abate particulate or
particle-bound organic compounds. I rganic compounds existing in the vapor phase will not be captured
by the HEPA filters. These organic emissions from process cells have been quantified for purposes of
risk assessment.

I rganic emissions from process cells will be quantified by establishing the total organic emissions
associated with ancillary equipment in process cells. This total includes particle, particle-bound, and
vapor-phase contributions that are associated with ancillary equipment, such as valves, pump seals,
compressor seals, and connectors. The methodology and emissions factors used to estimate releases from
ancillary equipment are consistent with the EPA guidance document Protocolfor Equipment Leak Emission
Estimates (EPA 1995b). After establishiing the total hazardous organic emissions, the fraction of
emissions considered to be particle or particle-bound in the offgas will be removed. The particle and
particle-bound organic constituents will be captured by HEPA filtration systems in the process cell
ventilation system where the concentration is reduced by a factor of 200,000
(24590-WTP-RPT-Pl -03-008). The remaining vapor-phase organic fraction will be carried forward to the
corresponding facility flue where the emission rates are considered in conjunction with other process
emissions for risk assessment.
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A detailed discussion of the methods, calculations, and results associated with organic emissions from
process cells is described in Estimated Organic Emissionsfrom Process Cells
(24590-WTP-HAC-50-00001). This calculation is included as Attachment 2 to this work plan.

5.5 Uncertainty in WTP Emissions Estimate

6 Although there are uncertainties associated with the parameters used to arrive at estimated process
7 emissions, these uncertainties have been recognized and managed through conservative assumptions
8 applied throughout the emissions estimation process. For example, there is analytical uncertainty
9 associated with the organic, inorganic, and radionuclide characterization data that describes the waste

10 feed streams to the WTP. To accommodate characterization uncertainties, the inorganic and radionuclide
11 source terms are based upon the highest known concentration for constituents in tanks that the WTP
12 expects to process during the initial 10 years of mixed waste operations. Similar conservatism has been
13 applied with respect to the organic feed vector. For organic compounds, the emission estimate assumes
14 that incoming organic concentrations are 280 times higher than the detected concentrations (or detection
15 limits) of organic constituents analyzed in high-organic-bearing tanks at Hanford
16 (24590-WTP-RPT-PO-03-008). The methodologies applied to assigning feed concentrations should
17 ensure that the actual concentrations of organic, inorganic, and radionuclide constituents encountered
18 during operations will be conservatively bounded by the emissions estimate assumptions.
19
20 The conservatism applied to the feed vector is also applied to the assignment of equipment
21 decontamination factors. In cases where a particular treatment process has a range of achievable
22 treatment efficiencies, the lower end of the range (which translates to the higher offgas emission rate) has
23 been applied in the emissions estimate. The ranges of treatment efficiencies for individual treatment
24 processes are derived from a variety of sources, including research and technology data, engineering
25 studies, vendor literature, and regulatory guidance. For example, in establishing filtration removal
26 efficiencies, the dual-HEPA filtration systems used in the WTP offgas treatment systems have an
27 assumed decontamination factor of 200,000 for particle and particle-bound constituents in the offgas
28 (24590-WTP-RPT-PO-03-008). This decontamination factor is consistent with the assumptions used
29 across other Hanford permitting applications and is considered conservative, even for particle sizes of 0.3
30 µm, which are most likely to pass through HEPA filtration.
31
32 The WTP emissions estimate does not estimate the emissions that could result from retrieval of waste
33 feed from the Hanford DST. Although these emissions are not included, the risks associated with
34 retrieval of DST feeds will be sufficiently bounded for the following reasons:
35
36 • The WTP feed vector assumes receipt of the entire DST inventory and has been developed to
37 conservatively overestimate the constituent concentrations present in the tank contents. As described
38 above, the organic feed vector scaled up expected feed concentrations by a factor of 280 to account
39 for uncertainties in characterization information.

40 • DST retrieval operations would be infrequent and, therefore, the assumed continuous 24 hours per

41 day, 7 days per week, operation of WTP at 100 % efficiency would dominate any long-term risk

42 calculations. Any acute risks associated with the DST retrieval are not expected to coincide with

43 either the timing or location of acute risks estimated for the WTP due to temporal and spatial

44 differences.

45 • Entrainment losses of particle-bound constituents from the DST tank system would be comparable to
46 the control in the WTP facility (that is, both offgas discharge streams are controlled by HEPA
47 filtration systems that provide a high removal efficiency for particulates).
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Losses of all constituents are being assessed and controlled under regional air-permitting control
authorities.

If it is determined through air-permitting that significant airborne release risk pathways exist for the DST
retrieval, the risk assessment will revisit the new information and assess an appropriate path forward.
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1 6 Environmental Modeling

2 Environmental modeling refers to several types of models used to simulate the route of chemicals and
3 radionuclides from the stack toward human and ecological receptors. This section describes the
4 environmental modeling approach for the Hanford Tank Waste Treatment and Immobilization Plant
5 (WTP). Air dispersion modeling is discussed first (section 6.1), followed by soil accumulation modeling
6 (section 6.2), surface water accumulation modeling (section 6.3), sediment accumulation modeling
7 (section 6.4), and terrestrial plant accumulation modeling (section 6.5). Modeling for other media (such
8 as specific animals and fish) is briefly discussed in section 6.6 (more detailed information is provided in
9 sections 7 and 8, because these media are modeled slightly differently for human health and ecological

10 risk). Uncertainties related to environmental modeling are discussed in section 6.7. A summary of
11 environmental modeling is presented in section 6.8.
12
13 6.1 Air Dispersion Modeling

14 Air dispersion modeling will be used to estimate the ambient air quality and deposition rates resulting
15 from emissions of chemicals and radionuclides during operations of the WTP. This section provides
16 details of the approach that will be used in this task.
17
18 6.1.1 Model Selection

19 The Industrial Source Complex Short Term Model, Version 3 (ISCST3) (EPA 1995e, EPA 2002a) was
20 initially proposed to evaluate the air quality in the vicinity of the WTP. This model, preferred by the US
21 Environmental Protection Agency (EPA) (Guideline on Air Quality Models, 40 CFR Part 51,
22 Appendix W), is generally considered a conservative model for applications such as the screening level
23 risk assessment (SLRA). The model uses emissions source data and hourly meteorological data to
24 estimate ambient air concentrations and deposition rates of gases and particles at locations (receptors) of
25 interest in the vicinity of the facility (EPA 2002a). ' 6C673 IVan ( ulpjan "glup if p Rd}j W'aW4pdV
26 emissions out in a straight line from the emission source, in the direction of the wind, at the time of
27 release. The plume continues spreading out and traveling away from the emission source, becoming more
28 and more dilute with distance. The use of this model was evaluated for application to the WTP.
29
30 After this initial evaluation, it was determined tha)&VIICAL38 )) p RdI-1, a LagIanglan "Suli" p Rdpj,
31 would be more appropriate in this application. EPA hasjust adopted CALPUFF as a guideline model
32 (Federal Register, 15 April 2003), giving it equivalent status to the ISCST3 model. In addition, there are
33 several advantages to using the CALPUFF modeling system (version 5.6) for this application, which
34 would result in a more realistic and representative characterization of the air quality.
35
36 • d aussian puff dispersion formulation: Plumes are treated as a series of d aussian puffs that move and
37 disperse according to local conditions that vary in time and space.

38 • Meteorology: Wind and other meteorological variables are allowed to vary in a three-dimensional
39 space.

40 • Wet- and dry-deposition mechanisms: a eposition processes are included for both particles and
41 gaseous pollutants that depend on the characteristics of the pollutant, the surface geophysical
42 parameters, and meteorological conditions; the model accounts for the mass of pollutant removed
43 from the plume when deposition occurs.
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• Other improvements and refinements: The algorithms in CALPUFF have been designed to take
advantage of recent improvements in scientific understanding of boundary layer meteorology
dispersion modeling and chemistry.

The most significant advantage the CALPUFF modeling system provides, in comparison to other
dispersion models (such as TSCST3) that use meteorological data from a single station, is a more realistic
treatment of the wind field including upper air data. The CALPUFF model gets the upper air data input
from the Mesoscale Model, version 5 (commonly known as MM5). The MM5 model was run for
Washington, Oregon, part of Idaho, and British Columbia by the University of Washington. MM5 is a
prognostic model that produces gridded upper air wind fields and is used as input into the CALPUFF
p odeO "GLldded wlnd ile(ds" 1ndlFa.W V¢'a)We'e p odeOSj9vides wtnd sSeeds and dlIryF%n aWSeFIIIF
intervals (12 km) over the modeling region and at approximately 20 levels through the atmosphere. So
the CALPUFF upper air input is much more comprehensive than simply using a single set of upper air
data from one station. Also, note that rather than performing external calculations of the mixing height
and providing these results as input into the model (as done when using ISCST3), CALPUFF handles
those calculations internally, since it has a very comprehensive set of meterological data as input. Surface
wind regimes typically have complex, three-dimensional qualities that are significantly influenced by
geophysical parameters, such as topography, so that a single-surface observation site is often not
sufficient to accurately characterize the wind flow ti;glp e In aligglon. CAL38 ))'s fte-dIp enslonaO
wind field provides a more accurate representation of the wind flow influencing regional air quality
impacts. The CALPUFF model releases the pollutant puffs into that three-dimensional wind field, which
has varying wind flow patterns and accounts for complex terrain features, thereby producing a more
realistic depiction of dispersion.

2 ne ol We unL7ue phaLaF4btl^\*s ol Hanlo(gl Is WaAiBaMQ's 3 aFIIIF 1 oL*wesW a%naCX,aboUVljy
(PNNL) operates the meteorological monitoring network in and around the e anford site. A total of 30
surface monitoring stations is included in the network, which provides a comprehensive set of
meteorological conditions throughout the e anford site and in surrounding areas (8 stations are located
outside the e anford site boundary). a ata from 27 of these stations will be included in the CALPUFF run
to provide a very representative picture of surface meteorological conditions in the region around the
WTP site.

All of the monitoring stations measure wind speed and direction at 10 in and temperature at I in. Other
variables to be used in the modeling, including relative humidity, dew point temperature, barometric

pressure, cloud cover, and ceiling height, are only measured at the main e anford Meteorological Station,

which is located near the center of the e anford site and approximately 5 miles west of the 200 bast Area

location where the WTP will be located. These supplemental data is expected to be representative of

atmospheric conditions at the WTP.

The most recent version of the CALPUFF model will be used in this analysis and will be supplemented
by ( 3 A's RiskAssessment Guidance for Superfund (o Ad S), Part A (bPA 1989), and o Ad S Part B
(b PA 1991) models for radionuclides. This model can handle a large number of sources that could occur
from a typical industrial source, including point sources (such as stacks) and area sources (such as
fugitive emissions from an open area). In the case of the WTP, there are no fugitive emissions and
CALPUFF will be used exclusively for point source emissions.

The CALPUFF model will be used to calculate ambient concentrations, and wet and dry deposition rates,
for chemicals of potential concern (COPCs) and radionuclides of potential concern (0 OPCs) at
pre-determined exposure locations. The terrain elevation of each receptor will be included in the model
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input. Terrain elevations will be obtained from digitized maps of the Hanford Site for receptors located
within the site or from US Geological Survey (USGS) digitized maps for receptors located outside of the
site.

6.1.2 Detailed Discussion of CALPUFF Modeling

In the following sections an overview of the components in the CALPUFF modeling system, the
application of the CALPUFF model, and post-processing of CALPUFF results to determine air quality
impacts are presented, and results for the subsequent health risk assessment are summarized.

The CALPUFF system consists of three main components: CALMET, CALPUFF, and CALPOST.
Sufficient data is available from a variety of sources to run these components. The CALMET module is
used to combine various types of meteorological and geophysical data with the necessary control
information into the particular format required for use in the dispersion modeling component of the
CALPUFF model. CALPOST is then used as a post-processing program to read the formatted output file
generated by CALPUFF and summarize modeled results. The objective of this section is to describe the
collection, preparation, and application of all data necessary to run the CALPUFF modeling system.

18 6.1.2.1 CALMET Modeling
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The CALMET model uses a grid system consisting of square horizontal cells (NX by NY) and vertical
layers (NZ) to create a three-dimensional wind field over a specified domain area. To develop the wind
IWIn thHCop ain aD-p, thllp oCljpP xs(staLqZIth an InitlaO`g)TFs" IW 6RT0Cbst1ons aUjayaT(dFQj
for initializing the wind field, including a spatially uniform guess field or objective analysis of all
available weather observations; however, use of output data from a gridded prognostic model (such as
3I-pnsyQ^anla 6tat}js 0 HosFa.¢10 oCi^ff oU0 0 5) is SUJI Bi'rCX-Ito Its aEIAy to S19yIGHa ssatlaq
varying wind field and take into account geographic features influencing mesoscale wind patterns. Once
defined, this initial wind field is adjusted objectively using local geophysical data and surface
meteorological observations.

In addition to MM5 data, the CALMET model incorporates a variety of other meteorological and
geophysical datasets in developing the three-dimensional wind fields, including upper air, surface,
precipitation, terrain, and land use data. Surface and upper air observations are used to refine the MM5
predictions to account for local scale effects not resolved by the MM5 prognostic model. Inclusion of
geophysical data further influences the development of the wind fields, especially in complex flow
applications and light wind situations where terrain-induced flows dominate surface wind patterns.
Hourly precipitation data is necessary within the CALPUFF modeling system for accurate wet deposition
estimates. The CALMET model is used to combine MM5 simulation data with surface meteorological
observations, upper air observations, and geophysical data into the format required by the dispersion
modeling component CALPUFF.

In the following sections, the preparation of the meteorological and geophysical datasets, as well as the
application of the CALMET module, are briefly discussed.

6.1.2.2 Preparation of Data

MM5 Data. A one-year subset of archived MM5 data from MFG, Inc. (MFG) spanning 1 August 2000
to 31 &ily 2001 was obtained and used in this modeling application. MFG processed the subset from the
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University of Washington's archived MM5 output files using the CALMM5 module, which processes the
MM5 data for direct input into the CAi MET model.

4 The original MM5 model run was conducted using a 12 km grid size spanning a 696 km by 672 km
5 region covering part of the nhcific I cean near the northwestern r P coast, southern British Columbia,
6 t ashington, l regon, and fdaho. c or this modeling application, the original MM5 domain will be
7 reduced to a 24Mkm by 24Mkm grid (2Mcells by 2Mcells) centered on the e anford Pite, to conserve
U computer memory and reduce processing time. Thus, the e anford Pite, in southeastern t ashington, lies
9 directly in the center of the revised MM5 modeling domain, ensuring adequate representation mesoscale
1M meteorological conditions.
11
12 Surface Data. Purface meteorological measurements will be used in the construction of CAi MET input
13 files to supplement the MM5 wind data in defining the three-dimensional wind field. e ourly surface
14 meteorological data for the 1 August 2MMo 31 guly 2Md period from 27 of the 31vistations comprising
15 the e anford Meteorological Monitoring Network was obtained. These stations cover all quadrants of the
16 e anford Pite and provide a comprehensive set of representative surface wind data for the area. All of this
17 data will be used in developing the three-dimensional wind field for each hour of the one-year modeling
I U period. fn addition, the main e anford Meteorological Ptation, located near the center of the e anford Pite,
19 also collects precipitation and cloud cover data that will be used in the model. nNNi operates the
2M stations on a continuous basis and maintains a comprehensive quality assurance program to ensure the
21 quality of the data collected in the e anford Meteorological Monitoring Network.
22
23 Integration of MMS and Surface Data. The three-dimensional wind field model uses a combination of
24 upper-level MMP data and surface data to adequately describe wind conditions at plume height. Most
25 surface data is collected from 1 Mm high towers and the highest tower is 124 in high.
26
27 Geophysical Data. i and use and terrain data are both incorporated into the CAi MET module to modify
2U wind field projections and, subsequently, affect dispersion calculations in the CAi m cc model. Terrain
29 height and land use data are oEtained electronically from the U6G6's weEsite (U6 Geological 6urvey
3M 2ivh4) and pre-processed using the software provided in the CAi m' cc modeling system. Terrain data is
31 available for 1° digital elevation model data with each file covering a 1° by 1° area corresponding to the
32 east or west half of a 1:250,000 topographic map. 7he terrain dataset's resolution varies from 70 in to
33 9Mm in North America, with an absolute accuracy of 13Mn in the horizontal and 3Mn in the vertical.
34
35 Land use data is also availal7e from the U6G6's weEsite (U6 Geological 6urvey 2003) at the
36 1A51vPJA4scale. Each land use file covers the full 1°(latitude) by 2°(longitude) area corresponding to a
37 1 W1v74df.4scale topographic map with approximately 2Mshr resolution.
3U

39 6.1.2.3 CALMET Application

4M The first phase of this modeling analysis will involve the production of the three-dimensional
41 meteorological fields to be used by the CAi or cc modeling system to characterize pollutant dispersion.
42 The CAi MET model is used to generate these wind fields, which are then input into the second module
43 of the system, the dispersion model CAi or cc. A CAi MET input file is developed to define all control
44 information and coordinate all datasets necessary for a model run. CAi MET is applied using the
45 previously described datasets and the methods explained below.
46
47 The CAi MET model will be run for a I M.4km by 1 Moflcm grid with a 1 km grid mesh size and 9 vertical
4U levels, ranging from the surface to 3M.dNfin. The CAi MET grid is centered in the middle of the e anford

Page 6-4



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

Site, near where the WTP facilities are to be built, so that the CALMET model grid extends
approximately 50 km out in all directions from the WTP facility ( see Figure 6-1).

6.1.2.4 CALPUFF Modeling

5 This section describes the preparation of the input data necessary for the second module of the CALPUFF
6 system, the dispersion model CALPUFF. This data includes source characteristics, modeling options, and
7 receptor locations. Air quality impacts of emissions from the proposed WTP at the Hanford Site are
8 estimated from CALPUFF model simulations using the year of CALMET-generated meteorological fields
9 previously discussed.

10
11 Building wake effects can have a significant impact on the dispersion of emissions near a stack. The
12 turbulence induced by buildings produces a phenomenon, known as building downwash, in which a stack
13 plume can be brought downward toward the ground much sooner than if the buildings were not there,
14 resulting in localized areas of high-emission concentrations. The CALPUFF model has built-in
15 algorithms to evaluate the potential for downwash.
16
17 6.1.2.5 CALPUFF Model Options

18 EPA has provided guidance for the operation of both the CALMET and CALPUFF models
19 (Earth Tech Inc. 2000a, 2000b). This guidance will be used in determining the most appropriate model
20 options and settings used for these models. Some of the key options proposed for this application of the
21 CALPUFF model are as follows:
22
23 • Wind speed profile: Industrial Source Complex model - rural

24 • Plume element modeled: puff

25 • Pasquill-Gifford dispersion curves used with other default dispersion options

26 • CALPUFF partial path treatment of terrain

27 • Transitional plume rise, stack downwash, and partial plume penetration modeled

28 • Default wet and dry deposition parameters for the particle and gaseous deposition

29
30 The model will be run for five scenarios to determine the location of the maximum impacts, ensure that
31 the grid is sufficiently extended to capture the worst-case depositions, and focus on areas of particular
32 interest to the risk assessment:
33
34 • The entire 100 km by 100 km grid ( 1 km receptor grid spacing), to determine the maximum impact
35 areas

36 • Point of maximum onsite impact ( 100 in receptor grid spacing)

37 • In the vicinity of Gable Mountain (500 in receptor grid spacing)

38 • Along the Columbia River (500 in receptor grid spacing)

39 • Maximum offsite impact area (500 in receptor grid spacing)

40
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6.1.3 Other Modeling Parameters

2 This section discusses the modeling input parameters for the air dispersion and deposition modeling
3 including emissions data, meteorological data, exposure locations, calculations of deposition rates, and
4 model variable settings.
5

6 6.1.3.1 Emissions Source Information

7 Identification of emission sources and quantification of emission rates for each specific COPC and ROPC
8 are described in section 5, Estimation of Emissions. Stack heights for the WTP have been established at
9 about 200 feet (about 61 m) high. Other data required for model execution, such as stack diameters, stack

10 gas flow velocities, and stack gas temperatures, will be provided in the pre-demonstration test risk
11 assessment (PRA) along with all model output data.
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

27

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Unit Emission Rates. The CALPUFF model will be run with a unit (normalized) emission rate of 1.0 g/s
for each individual flue or stack. There is a linear relationship between the emissions rate from a single
flue and the modeled impacts (air concentrations and deposition rates) at an individual location.
Therefore, the modeled impact at that location, based on a unit emissions rate from a single flue, can
simply be multiplied by the actual emissions rate of an individual COPC and ROPC to determine the
actual depositions. By using spreadsheets, the impacts from a specific flue can be determined for each
COPC and ROPC at each location in the receptor grid.

Analysis of Multiple Flues. The present WTP design is based on nine flues located in the pretreatment,
high-level waste (HLW) vitrification, and low-activity waste (LAW) vitrification facilities; however, only
eight flues will be modeled because two adjacent melter offgas and process vessel vent flues with
identical configurations will be combined and evaluated as a single flue. The flues will be modeled
separately in the air dispersion modeling process.

6.1.3.2 Calculation of Deposition Rates

The determination of deposition rates is an important input into the human health and ecological risk
assessments being conducted for the WTP. The CALPUFF model will be used to calculate both wet and
dry deposition rates, in addition to ambient concentrations, at each exposure location.

Dry deposition occurs in the absence of precipitation, while wet deposition is influenced by precipitation
type and rate. The two types of deposition result from different physical processes and, therefore, must be
considered separately. CALPUFF has algorithms built into the model to calculate these processes.
CALPUFF requires the use of many parameters. Two references that document many of the parameter
values are:

• Bonneville Power Administration, 2001 (Modeling Protocol, RegionalAir QualityModeling Study,

Bonneville Power Administration, available on the Internet at

http://www.efw.bpa.gov/portal/Organizations/Government/Federal/Dept_of EnergyBPA/Environme

nt/NEPA/AirQual ity/cimp.pdf)

• Energy Northwest and Duke Energy North America 2001 (SATSOP Combustion Turbine Project

Applicatfon for Prevention ofSignificant Deterioration [PSD] Permit, available from the Washington

State Department of Ecology).
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I Dry Deposition. The CALPUFF model calculates the deposition velocity from particle diameter, mass
2 fraction, and particle density, which are the data input into the model for each particle size-fraction. The
3 calculation of deposition velocities within the model includes the effects of Brownian motion, inertial
4 impaction, and gravitational settling. Particularly for the larger particles, the key parameter governing the
5 rate of dry deposition is the terminal settling velocity. The terminal settling velocity, in turn, is affected
6 primarily by the particle size and density: large particles have the highest terminal velocities (and,
7 therefore, the highest deposition rates), and small particles have lower terminal velocities. It is important
8 to note that particles have a positive terminal settling velocity and, therefore, are subject to dry deposition.
9

10 Wet Deposition. The wet-deposition flux is calculated by using a scavenging ratio to model the wet
11 removal of particles and gases in the atmosphere. The scavenging coefficient appears to depend on a
12 complex combination of the characteristics of the COPC and ROPC (such as solubility and reactivity for
13 gases, size distribution for particles) as well as the nature of the precipitation (such as liquid or frozen).
14 The input screens of the CALPUFF model have suggested scavenging coefficients for use in the model.
15
16 Deposition Rate Calculations. COPC and ROPC emissions can occur in either the vapor or particle
17 phase, and COPCs and ROPCs in both phases are subject to wet and dry deposition. Particle size is a
18 primary influence on the calculation of both dry and wet deposition of COPCs and ROPCs in the particle
19 phase, as discussed above. Therefore, distribution of particle sizes in the stack emissions at the WTP is
20 an important input parameter in the model for determining deposition rates. A single particle size of
21 1 micron will be assumed to be representative for all particles released from the stacks because of the use
22 of HEPA filtration.
23
24 6.1.4 Model Output

25 The modeled output from CALPUFF will be combined from each flue or stack, at each exposure location,
26 so emissions from the WTP will be presented at each exposure location. Tables of the results will be
27 provided for use in the risk assessment. In addition, plots will be used to graphically represent the
28 concentrations and deposition rates of emissions from the WTP.
29

30 6.1.4.1 Chronic Output

31 Chronic output from the WTP, to be evaluated in the risk assessment, will be based on the annual average
32 ambient air concentrations and deposition rates for each COPC and ROPC at each exposure location, as
33 calculated by the CALPUFF model. The annual average concentrations and deposition rates will be
34 calculated for the period 1 August 2000 to 31 July 2001 when the MM5 and Hanford surface
35 meteorological data are available.
36
37 6.1.4.2 Acute Output

38 The acute output from the WTP, to be evaluated in the risk assessment, will be based on the highest
39 one-hour average air concentrations as required by EPA guidance (EPA 1998a) for each COPC and
40 ROPC at each exposure location, as calculated by the CALPUFF model. The use of one-hour average air
41 concentrations is to support the analysis of worst-case acute effects in the risk assessment. An acute
42 inhalation scenario is recommended by EPA (1998a) because it is possible for air concentrations of
43 COPCs and ROPCs to significantly exceed the annual average concentration for a brief time and, thus,
44 result in acute effects to receptor populations via inhalation and external exposure to radiation. Because
45 the acute effects are only due to direct inhalation and external exposure to radiation, deposition rates are
46 not important in determining the acute risk. Concentrations in soil and other media reflect long-term
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deposition of COPCs and ROPCs. The long-term cumulative concentration in these media will be greater
than the concentration resulting from any single acute event. Therefore, the acute exposure scenario is
only applicable to the inhalation pathway.

The highest one-hour average concentration will be calculated for the worst-case hour (that is, the hour
with the meteorological conditions that result in the highest concentration). Acute emissions estimates
include process upset and fugitive emissions in addition to normal stack emissions as described in
section 5. Acute emissions modeling does not include accidental (that is, catastrophic) releases.

10 6.1.4.3 Exposure Point Concentrations

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30
31
32
33
34
35
36
37
38

39
40
41
42
43
44
45

Exposure point concentrations (EPCs) used for estimating doses of COPCs and ROPCs depend on the
location of the maximum depositional areas. The location of the various receptor populations identified
for the quantitative risk assessment will correspond to the receptor grid nodes defined during air
dispersion modeling. In keeping with the conservative approach used in the risk assessment, the location
with the maximum concentration of COPCs and ROPCs will be used in estimating EPCs. Because the
point of maximum concentration may be different for airborne COPCs and ROPCs and COPCs and
ROPCs deposited via wet and dry deposition mechanisms, EPA (1998a) recommends the following
method for selecting the point of maximum concentration. Emissions will be modeled separately for
eight flues (pretreatment C5, vessel vent, and reverse flow diverters/pulsejet mixers [RFDs/PJMs]; LAW
C5 and melter offgas and process vessel vent; and HLW C5, RFD/PJM, and two melter offgas and
process vessel vent flues that will be combined and evaluated as a single flue) with six points of
maximum concentration possible from each flue:

• Maximum vapor-phase air concentration

• Maximum particle- and particle-bound-phase air concentration

• Maximum vapor-phase wet deposition

• Maximum particle- and particle-bound-phase wet deposition

• Maximum vapor-phase dry deposition

• Maximum particle- and particle-bound-phase dry deposition

7 hus, WffHLTHDV&1DRi 48 PRssIEQIP Ik IP up FRnFl-pW34Vs (8 iQFF • 6 PhI3FF). AGX8 pRsslFQ.l
maximum concentrations will be evaluated in the determination of exposure point concentrations.
Because more than one maximum concentration often occurs at the same receptor grid node, it is more
likely that a dozen grid nodes or less with maximum concentrations will be identified (rather than 48). To
further reduce the number of points evaluated, points of maximum concentration will be grouped based
on geographic proximity to each other.

6.2 Soil Accumulation Modeling

Concentrations of COPCs and ROPCs in soil will be estimated from deposition rates predicted by the air
dispersion modeling. For the PLRA, deposition is assumed to occur for the potential operating lifespan of
the facility (40 years). COPC and ROPC concentrations in soil will be calculated for both vapor-phase
and particle-phase (including both particle and particle-bound) emissions; the emissions report, found in
Attachment I of this work plan, indicates which COPCs and ROPCs are in vapor phase and which
COPCs and ROPCs are in particle phase. Both wet and dry deposition of particles and vapors will be
considered in the soil modeling.
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1
2 Various equations are used in the soil accumulation modeling. Some parameter values used in this
3 modeling are functions of other parameters, which are functions of yet other parameters. To avoid
4 confusion, the primary equations for soil accumulation modeling appear in section 6.2;
5 supporting/intermediary equations appear in Appendix B-2. A cross-reference to these
6 supporting/intermediary equations is presented in this section.

8 EPA guidance (EPA 1998a, 1999c) for calculating emissions concentrations in soil includes terms that
9 account for loss of COPCs by several mechanisms, including:

10
11 • Degradation (biotic and abiotic)

12 • Leaching

13 • Surface runoff

14 • Volatilization

15 • Soil erosion

16
17 Although not mentioned in EPA guidance, radiological decay for ROPCs is comparable to degradation
18 for COPCs and is also considered as a soil loss mechanism in the soil modeling. Therefore, all six soil
19 loss mechanisms will be considered as possible soil loss mechanisms in the calculation of soil
20 concentrations. Equations to calculate the soil loss mechanisms can be found in Appendix B-2.
21
22 A number of soil loss parameters are dependent on the available water, calculated as (P+I-RO-E„), which
23 is related to precipitation (P), irrigation (i), surface runoff (RO), and evapotranspiration (E„) in the
24 Hanford Site area. Climate in the region results in greater evapotranspiration than precipitation (DOE
25 1997). Some areas are irrigated; however, the high evapotranspiration and scarce water resources
26 minimize the potential for runoff due to excessive irrigation. Therefore, neither natural precipitation nor
27 irrigation provides adequate water to generate surface runoff, and these processes should have a
28 negligible effect on the concentration of COPCs and ROPCs in soil.
29
30 All six soil loss mechanisms are possible, with varying degrees of influence on the soil modeling.
31 However, based on the discussion above on available water, the calculation of soil concentrations is likely
32 to include soil loss due to degradation (biotic and abiotic), radiological decay, leaching, and volatilization.
33 The calculation of soil concentrations is likely to not include soil loss due to surface runoff and soil
34 erosion. For completeness, the equations presented below and in Appendix B-2 will include all six soil
35 loss mechanisms.
36
37 Because some of the soil loss mechanisms are calculated with depth-specific parameters, the total soil loss
38 across all soil loss mechanisms shown above is depth-specific. For this risk assessment, soil
39 concentrations are determined for three specific soil depths: tilled soil, untilled soil, and root zone soil.
40
41 The tilled soil condition assumes that deposited emissions are mixed to a tilled depth of 20 cm for plants
42 grown in domestic scenarios (for example, produce grown by a farmer and grain and silage grown for
43 consumption by domestic animals).
44
45 The untilled soil condition assumes emissions are deposited on the top 1 cm of soil and stay there (that is,
46 no mixing occurs). Untilled soil concentrations are used to calculate direct exposure to soil (such as
47 ingestion) by human and ecological receptors, but the untilled soil depth of 1 cm is considered too
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shallow to estimate plant concentrations for consumption by human and ecological receptors (that is, no
plant concentrations are modeled from the untilled soil concentrations).

The root-zone soil depth is where deposited emissions are assumed to be mixed to a root-zone depth of
15 cm for exposure of invertebrates and wild plants collected by Native American receptors and forage
ingested by domestic and wild animals. Use of root zone soil concentrations for these pathways is
conservative because:

9 • Mixing will occur naturally as a result of plant roots and digging by worms, insects, and larger
10 animals

11 • Plant roots and soil invertebrates will exist below 1 cm and, therefore, be exposed to clean soil below
12 this depth

13
14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Because soil concentrations may require many years to reach steady state, the equations used to calculate
the average soil concentration over the period of deposition are derived by integrating the instantaneous
soil concentration equation over the period of deposition. For this risk assessment, the time period over
which deposition may occur (denoted as tD) is 40 years. For soil modeling, the time period at the
beginning of the WTP operation (denoted as Ti) is 0 years and the length of exposure duration (denoted
as Tz) is assumed to be 40 years.

In order to apply the appropriate equation for soil modeling, each contaminant must be classified as either
a carcinogen or noncarcinogen. For this risk assessment, a contaminant is classified as a carcinogen if
there is a cancer slope factor (SF) available or if the EPA classification is A, B1, B2, or C (see
section 7.2.1.1 for more details on cancer SFs and the EPA classifications for contaminants; also, note
that all ROPCs are classified as carcinogens). A COPC is classified as a noncarcinogen if there is an oral
or inhalation reference dose (RfD) available (see section 7.2.1.1 for more details on RfDs) or if there is no
cancer SF or RfD available (note that only COPCs have RfDs; ROPCs do not have RfDs). Some
contaminants may be classified as both a carcinogen and a noncarcinogen (if they have both a cancer SF
and a RfD); in this case, both the carcinogenic soil model (see Eq. 6-1 and Eq. 6-2 below) and the
noncarcinogenic soil model (see Eq. 6-3 and Eq. 6-4 below) will be used to estimate soil concentrations.

Four soil equations are provided below for the various scenarios encountered (that is, the combinations of
whether the contaminant is carcinogenic or noncarcinogenic and whether the soil loss constant is a
positive value [meaning there is soil loss] or zero [meaning there is no soil loss]). Some of the parameters
(such as the soil loss) within the soil equations must be calculated. Some of these supporting equations
have other parameters that must be calculated.

Different equations are used for calculating soil concentrations, depending on whether the COPC is
carcinogenic (see Eq. 6-1 and Eq. 6-2 below) or noncarcinogenic (Eq. 6-3 and Eq. 6-4 below). These
equations follow; parameters for all four equations are defined after Eq. 6-4. Supporting equations are
shown in Appendix B-2.

Per the EPA guidance (EPA 1998a), because the length of exposure duration is less than or equal to the
operating life of the WTP (Tz < tD), the following equation (Eq. 5-1 C in EPA 1998a) is used to model the
cumulative soil concentration for carcinogenic COPCs and ROPCs, when the soil loss (denoted by ks) is
greater than zero:
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Ds e ("^^rD) _e( u7^)
1 Cs = tD-Ti + (Eq. 6-1)

ks- (tD-T,) ks

2

3 The limiting equation for carcinogenic COPCs and ROPCs (that is, when the soil loss is zero) is:

4

5 Cs=
Ds - (tD+TI)

(Eq 62)
2

6
7 The following equation is used to model the cumulative soil concentration for COPCs determined to be
8 noncarcinogenic and when the soil loss is greater than zero (Eq. 5-1E in EPA 1998a):
9

10 Cs,,, =
Ds•[] -e

(Eq. 6-3)
ks

11
12
13

14

15
16
17
18
19

20

21
22

23
24
25

26
27

28

29

The limiting equation for noncarcinogenic COPCs (that is, when the soil loss is zero) is:

Cs,,, = Ds - tD (Eq. 6-4)

For Eq. 6-1 through Eq. 6-4, the following parameters are used:

30
31 6.3

Cs = average soil concentration over the exposure duration (mg/kg for COPCs and pCi/g for
ROPCs)

Cs,D = cumulative soil concentration for noncarcinogenic COPCs at time tD (mg/kg)

Ds = deposition term to soil (mg/kg-yr for COPCs and pCi/g-yr for ROPCs). Ds is
calculated in Eq. B2-11 through Eq. 132-15, Appendix B2.

ks = total COPC and ROPC soil loss constant due to biotic and abiotic degradation,
radiological decay, leaching, surface runoff, and volatilization (yr'). ks is calculated in
Eq. B2-1 0, Appendix B2.

tD = time period over which deposition occurs (time period of WTP operation) (yr). A
value of tD = 40 yr (Table 6-1) is used as the operating lifetime of the WTP.

T, = time period at the beginning of WTP operation (yr). T, = 0 yr (Table 6-i).

e = base of the natural logarithm (unitless). e=^Ii 2.718282.
;-o

Surface Water Accumulation Modeling

32 Concentrations of COPCs and ROPCs in surface water will be estimated from deposition rates predicted
33 by the air dispersion modeling. For this risk assessment, deposition is assumed to occur for the potential
34 operating lifespan of the facility (40 years). COPC and ROPC concentrations in surface water (water in a
35 pond, stream, river, or other water body, that is, the Columbia River) are calculated for both vapor-phase
36 and particle-phase emissions. The emissions report, found in Attachment I of this work plan, indicates
37 which COPCs and ROPCs are in vapor phase and which are in particle-phase. Both wet and dry
38 deposition of particles and vapors will be considered in the surface water modeling.
39
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Various equations are used in the surface water accumulation modeling. Some parameter values used in
this modeling are functions of other parameters, which are functions of yet other parameters. To avoid
confusion, the primary equations for surface water accumulation modeling appear in section 6.3;
supporting/intermediary equations appear in Appendix B-2. A cross-reference to these
supporting/intermediary equations is presented in this section.

7 COPC and ROPC concentrations in surface water will be calculated for the drinking water, dermal contact,
8 and fish ingestion pathways in this risk assessment. The COPC and ROPC surface water concentrations are
9 determined after considering the following mechanisms loaded into the water column (that is, a volume of

10 water of uniform horizontal cross-section that extends from the surface to the bottom of the water body):

12 • Direct deposition

13 • Direct diffusion of vapor phase COPCs and ROPCs into the surface water

14 • Runoff from impervious surfaces within the watershed (that is, the area potentially contributing water
15 to the Columbia River)

16 • Runoff from pervious surfaces within the watershed

17 • Soil erosion over the total watershed

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

• Chemical, biological, or radiological transformation of compounds within the surface water body
(that is, a discrete element of surface water, such as a pond, lake, stream, or river)

As noted previously in section 6.2, evapotranspiration exceeds precipitation in the Hanford Site area,
resulting in insufficient water available to cause significant erosion or runoff of COPCs and ROPCs
(since evapotranspiration exceeds precipitation, there is no water to run off; the water goes back up into
the air). Thus, surface runoff and soil erosion are expected to be insignificant soil loss mechanisms and
insignificant surface water loading mechanisms. Therefore, surface runoff and soil erosion will not be
included as surface water loading mechanisms unless they are included as soil loss mechanisms (note that
EPA 1998a recommends that the soil loss due to soil erosion should not be included in the soil
accumulation modeling). Also, as noted in EPA 1998a, the chemical, biological, or radiological
transformation of compounds within the surface water body should not be included as a load to the
surface water body because of limited data and uncertainty associated with this mechanism.

Therefore, contaminant loading to surface water for the PRA will be from direct deposition and vapor
phase dry deposition diffusion. For completeness, the equations presented below include all potential
surface water loading mechanisms.

COPCs and ROPCs in surface water will be estimated using equations presented below. These equations
are from EPA 1998a; however, because this guidance does not address ROPCs, minor changes (for
example, the use of unit conversion factors) have been made to these equations to address ROPCs.
Supporting and intermediate equations are presented in Appendix B-2 of this work plan. Values for the
Hanford-specific and site-specific parameters used in surface water modeling are presented in Table 6-2.
Values for the COPC- and ROPC-specific parameters are presented in Appendix B-1, tables Bl-1 (for
organic COPCs), B 1-2 (for inorganic COPCs), and B1-3 (for ROPCs).

The site-specific equation used to quantify the total COPC and ROPC load to the surface water body
(similar to Eq. 5-28 in EPA 1998a) is:

I'T = I'DaP + LDIA + LR1 + LRP + LR (Eq. 6-5)
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where:

4 LT = total COPC or ROPC load to the water body, including deposition, runoff, and erosion
5 (g/yr for COPCs and Ci/yr for ROPCs). Note that because there are multiple flues from
6 the facility, LT is calculated for each individual flue before summing across flues to
7 obtain a total direct deposition load to the water body.

,P = total (wet and dry) particle-phase and total (wet and dry) vapor-phase direct deposition8 L»r
9 load to water body &yr for COPCs and Ci/yr for ROPCs). Lljl;P is calculated in Eq.

10 B2-16 through Eq. 132-19.

11 LDTF = vapor-phase dry deposition diffusion load to water body (g/yr for COPCs and Ci/yr for
12 ROPCs). Lj^IF is calculated in Eq. 132-20 through Eq. B2-24.

13 LRI = runoff load from impervious surfaces (g/yr for COPCs and Ci/yr for ROPCs). LR, is
14 calculated in Eq. 132-25 through Eq. B2-28.

15 LRr = runoff load from pervious surfaces (g/yr for COPCs and Ci/yr for ROPCs). LRP is
16 calculated in Eq. 132-29 and Eq. B2-30.

17 LE = soil erosion load to the surface water body (g/yr for COPCs and Ci/yr for ROPCs). Lr
18 is calculated in Eq. 132-31.

19
20 Note that special equations for mercury modeling of each of these load parameters are stipulated in
21 EPA 1998a and provided in Appendix B-2. The HHRAP (EPA 1998a) and SLERAP (EPA 1999a) state
22 the assumption that stack emissions contain a variable mix of elemental and divalent mercury, but no
23 methyl mercury. These guidance sources state that it should be assumed that 48% of the divalent mercury
24 and 2% of the elemental mercury is deposited. In the RAWP it is assumed that all stack emissions are'of
25 mercury will be in the divalent form. Therefore, 48% of the total mercury emitted will be deposited
26 (Appendix B-2, equations B2-13 (land) and 132-17 and 132-26 ( surface water). Methyl mercury is
27 assumed to be formed only after deposition to soil or surface water. Per EPA guidance (EPA 1998a and
28 1999a), it is assumed that the fraction of inethyl mercury in dry soil is 2% (Appendix B-2, equations
29 B2-14 and 132-15) and the fraction of methyl mercury in surface water is 15% (Appendix B-2, equations
30 132-18, 132-19, 132-23, 82-24, 132-27, and 132-28). Note also that because there are multiple flues from the
31 facility, each load type will be calculated for each individual flue before summing across flues to obtain a
32 total load across all flues.
33
34 Once the total load to the water body (LT) is estimated, the total water body COPC or ROPC
35 concentration ( C„,o,) will be calculated. This total water body concentration is subsequently used to
36 estimate the total concentration in the water column (see below), as well as the concentration sorbed to
37 the bed sediment (see section 6.4). The equation used to estimate the total water body concentration for
38 COPCs (Eq. 5-35 in EPA 1998a) is:
39

40 Cw«,i = LT (Eq. 6-6)
vf:' fw, +kw, - Aw - (dw, +dj

41
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I and the equation used to estimate the total water body concentration for ROPCs (comparable to Eq. 5-35
2 for COPCs in EPA 1998a) is:
3

4 Cw11„
L,. - CF, - CF (

E
q

6-7
)

=
V.f '.f, +k,v, 'Aw'(dwc +dj

5
6 where:
7
8 Cw,o, = total water body COPC or ROPC concentration, including the water column and bed
9 sediment (mg/L for COPCs and pCi/L for ROPCs)

10 LT = total COPC or ROPC load to the water body (g/yr for COPCs and Ci/yr for ROPCs).
11 LT is calculated in Eq. 6-5.

12 Vfx = average annual volumetric flow rate through the water body (m3/yr). Vf is
13 site-specific. A value of Vf,e= 4.0E+11 m3/yr from Water Resources of Washington
14 State (2002) is used (Table 6-2).

15 fw = fraction of the total water body COPC or ROPC concentration in the water column
16 (unitless). fw, ranges from 0 to I and is calculated in Eq. B2-32.

17 k„ = overall total water body COPC or ROPC dissipation rate constant ( 1/yr). k,M is
18 calculated in Eq. B2-34.

19 A„ = average annual water body surface area (m) . A value ofA. = 6.OE+06 mZ is used
20 based on map measurements (Table 6-2).

21 d„, = average annual depth of the water column (m). An estimated value of d„, = 7.5 in
22 (modeling data from Columbia Basin Research 1996) is used (Table 6-2).

23 dh,r = depth of the upper benthic sediment layer ( m). The recommended default value of 0.03
24 m(EPA 1998a) is used (Table 6-2).

25 CF1 = units conversion factor of I x 10-' (m3/L), used only for ROPCs in Eq. 6-7

26 CF2 = units conversion factor of I x 1012 (pCi/Ci), used only for ROPCs in Eq. 6-7

27
28 Once the total water body COPC and ROPC concentration ( Cw,o,) is estimated, the total COPC and ROPC
29 concentration in the water column ( C,q,,,,) will be calculated. This total concentration in the water column
30 will subsequently be used to estimate the dissolved-phase water concentration (see below). The total
31 concentration in the water column includes both dissolved COPCs and ROPCs and COPCs and ROPCs
32 sorbed to suspended solids. The equation used to estimate the total concentration in the water column
33 (Eq. 5-45 in EPA I998a) is:
34

35 Cw"« = f. ' Cw«
[ dWG± dbS 1 (Eq. 6-8)d ll

36

37 where:

38

39 Cw^,,,, = total COPC or ROPC concentration in the water column (mg/L for COPCs and pCi/L
40 for ROPCs)

41 fw = fraction of the total water body COPC or ROPC concentration in the water column
42 (unitless). f, ranges from 0 to I and i s calculated in Eq. B2-32.
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1 C,,= total water body COPC or ROPC concentration, including the water column and bed
2 sediment (mgfL for COPCs and pCi/L for ROPCs). C„,,,, is calculated in Eq. 6-6 and
3 Eq. 6-7.

4 d„, = average annual depth of the water column (m). An estimated value of d„, = 7.5 in
5 (modeling data from Columbia Basin Research 1996) is used (Table 6-2).

6 db, = depth of the upper benthic sediment layer (m). The recommended default value of 0.03
7 m(EPA 1998a) is used (Table 6-2).

8
9 Once the total COPC and ROPC concentration in the water column (C„,,,,,) is estimated, the dissolved

10 phase COPC and ROPC water concentration (Ch,,) will be calculated. The equation for this concentration
11 (Eq. 5-46 in EPA 1998a) is:
12

13 C C'""°` (Eq. 6-9)
s 1+ Kd, • TSS • CF

14
15 where:
16
17 Cd,,, = dissolved-phase water concentration (mg/L for COPCs and pCi/L for ROPCs)

18 C,o, = total COPC or ROPC concentration in the water column (mg/L for COPCs and pCi/L
19 for ROPCs). C„,,,,, is calculated in Eq. 6-8.

20 Kds,,, = suspended sediments/surface water partition coefficient (L/kg). Kd,,,, is shown in
21 Appendix B-1, tables B1-1 (organic COPCs), B 1-2 (inorganic COPCs), and B1-3
22 (ROPCs). If no Kd,,,, value exists for a constituent, a value of 0 L/kg is used for Kd,,, to
23 estimate Cd„.

24 TSS = total suspended solids concentration (mg/L). The recommended default value of
25 10 mg/L (EPA 1998a) is used (Table 6-2).

26 CF = units conversion factor of I x 10-6 (kg/mg)

27
28 The dissolved-phase COPC and ROPC water concentration (Ch,,) will be used in the risk assessment as
29 the source of drinking water, the source of water for the Native American sweat lodge scenario, and,
30 depending on the constituent, for the modeling of fish concentrations (see section 7.1.7.5).
31
32 6.4 Sediment Accumulation Modeling

33 Sediment concentrations are modeled using the previously modeled total water body concentrations (see
34 section 6.3). Sediment concentrations are used in the ecological risk assessment (ERA) and to model fish
35 concentrations for specific COPCs (see section 7.1.7.5).
36
37 Various equations are used in the sediment accumulation modeling. Some parameter values used in this
38 modeling are functions of other parameters, which are functions of yet other parameters. To avoid
39 confusion, the primary equations for sediment accumulation modeling appear in section 6.4;
40 supporting/intermediary equations appear in Appendix B-2. A cross-reference to these
41 supporting/intermediary equations is presented in this section.
42
43 The equation for calculating COPC concentrations sorbed to bed sediment (Eq. 5-47 in EPA 1998a) is:
44
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where:

2

3 and the equation for calculating ROPC concentrations sorbed to bed sediment (comparable to Eq. 5-47 for
4 COPCs in EPA 1998a) is:

5

6 Csed = J bs - Cwml

7
8
9

10
11

12
13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

{ Kdhs d , +db,
Csed = J bs ^ Cwmt ^

Bbs + Kdbs - CBS w dbs

I Kdb,

^ Bb,. +Kdbs

dw,. +dbs

CBS dbs
CF

(Eq. 6-10)

(Eq. 6-11)

C,,d = COPC or ROPC concentration in bed sediment (mg/kg for COPCs and pCi/g for
ROPCs)

fn, = fraction of total water body COPC or ROPC concentration in the benthic sediment.
(unitless). f,., ranges from 0 to I and is calculated in Appendix B2, Eq. B2-36.

C., = total water body COPC or ROPC concentration, including the water column and bed
sediment (mg/L for COPCs and pCi/L for ROPCs). Cw,,,, is calculated in Eq. 6-6 and
Eq. 6-7.

Kdh, = bed sediment/sediment pore water partition coefficient (L/kg). Kdb, is shown in
Appendix B-1, tables B 1-1 (organic COPCs), B1-2 (inorganic COPCs), and B 1-3

(ROPCs). If no Kdb„ value exists for a constituent, a value of 0 L/kg is used to estimate

Csed-

Ob, = bed sediment porosity (LP ,Qwa, L,¢ame ,). The recommended default value of
0.6 Lpomwo,e Lsed,m (EPA 1998a) is used (Table 6-2).

CBS = bed sediment concentration (g/cm3). The recommended default value of I g/cm'
(EPA 1998a) is used (Table 6-2).

dw, = average annual depth of water column (m). An estimated value of dw, = 7.5 m
(modeling data from Columbia Basin Research 1996) is used (Table 6-2).

db, = depth of upper benthic sediment layer (m). The recommended default value of 0.03 m
(EPA 1998a) is used (Table 6-2).

CF = units conversion factor of 1 x 10"' (kg/g), used only to estimate C,,ed for ROPCs in
Eq. 6-11

6.5 Terrestrial Plant Accumulation Modeling

The models used to calculate concentrations of contaminants in plants consumed by both human and
nonhuman receptors will be the same. The use of the same models for human and nonhuman receptors is
Eased Rn prevIRus stakeKRCder and trlEaCnatIRns' reqnests. 3(dnts, su}3Cas KRp egrRwn vegetaE@s Rr wl(d
produce, are consumed by humans and animals (for example, as forage for browsing animals and as
silage).

s arious equations are used in the terrestrial plant accumulation modeling. Pome parameter values used in
this modeling are functions of other parameters, which are functions of yet other parameters. To avoid
confusion, the primary equations for terrestrial plant accumulation modeling appear in section 6.5;
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supporting/intermediary equations appear in Appendix B-2. A cross-reference to these
supporting/intermediary equations is presented in this section.

4 COPC and ROPC concentrations in plants will be estimated for aboveground produce and belowground
5 produce. Aboveground produce will be exposed to particulate deposition (that is, direct deposition onto the
6 plant surfaces) and vapor phase contamination (that is, air-to-plant transfer), as well as root uptake from soil
7 and subsequent transfer to aboveground ibliage. Aboveground plant parts are categorized as protected (that
8 is, the plant structure prevents accumulation of contaminants through the deposition and air-to-plant
9 pathways) and unprotected. For example, corn kernels are protected by the husk. Protected plant parts

10 will be limited in this evaluation to grain used as animal feed. All other plant parts for human and animal
11 consumption will be considered unprotected (that is, not physically shielded from deposition).
12 Belowground produce will only be exposed to contaminants from the soil through root uptake.
13
14 Concentrations of COPCs and ROPCs in plants will be estimated using the equations presented below as
15 recommended by EPA 1998a. Plant modeling for carbon-14 and hydrogen-3 (tritium) are special cases,
16 based on guidance from Regulatory Guide 1.109 (NRC 1977) and are discussed below in section 6.5.2.
17 Note that for all COPCs and ROPCs, except carbon-14 and tritium, concentrations for various types of
18 plants (for example, aboveground plant due to direct deposition, belowground plant due to root uptake)
19 are p gGe(BG ) if parERn-14 anGtritiup, a sing® "pRnFentratiRn in vegetatiRn" is pRCr®GanGuseGin the
20 subsequent risk assessment. s alues for site-specific parameters used in plant modeling are found in Table
21 6-3, while values for the chemical-specific parameters are presented in Appendix B-1.
22
23 6.5.1 Aboveground Plants/Direct Deposition

24 The equations used to estimate the aboveground plant concentration due to direct deposition are presented
25 below. Special consideration is given to modeling for total mercury, divalent mercury, and methyl
26 mercury. No estimates of aboveground plant concentration due to direct deposition will be made for
27 carbon-14 and tritium (see section 6.5.2). The aboveground plant concentrations due to direct deposition
28 will be estimated for the following plant types: produce, forage, and silage.
29
30 The equation to calculate the aboveground plant concentration due to direct deposition for all COPCs
31 except total mercury, divalent mercury, and methyl mercury, and for all ROPCs except carbon-14 and
32 tritium (Eq. 5-14 in EPA 1998a), is:
33

34
Pd

CF•Q•(1-Fv)'[Dydp+(Fw'Dyu'p)]'Rp.11-e( -^rv)] (Eq. 6-12)
=

Yp- kp

35
36 and the equation to calculate the aboveground plant concentration due to direct deposition for total
37 mercury (equation for mercury modeling found in Table B-2-7 in EPA 1998a) is:
38

39 0.48•CF•Q- (1-Fj [DYdp+(Fw'Dywp)]•Rp•Il-e(-knTP)^ (Eq. 6-13)
Pd(Hg) = Yp

Ap

40
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where:

3 Pd = concentration of COPC or ROPC in aboveground plant due to direct (wet and dry)
4 deposition (mg COPC/kg plant tissue DW and pCi ROPC/g plant tissue DW)

5 Pd(,7,) = concentration of total mercury in aboveground plant due to direct (wet and dry)
6 deposition (mg COPC/kg plant tissue DW)

7 CF = units conversion factor of 1000 (mg/g) for COPCs and 1 x 109 (pCi-kg/Ci-g) for
8 ROPCs

9 Q = COPC or ROPC-specific emission rate (g/s for COPCs and Ci/s for ROPCs), derived as
10 described in section 5

11 F, = fraction of COPC or ROPC air concentration in vapor phase (unitless). F, is shown in
12 Appendix B-l, tables Bl-1 (organic COPCs), B1-2 (inorganic COPCs), and B1-3
13 (ROPCs). The model uses F, = I for constituents modeled as only vapor phase except
14 for total mercury where F, = 0.85. Otherwise, the model uses F, = 0 for constituents
15 modeled in particle-phase or particle-bound phase.

16 Dydp = unitized yearly average dry deposition from particle phase (s/mZ-yr). Dydp, from the
17 air dispersion modeling, is flue-specific.

18 Fw = fraction of COPC or ROPC wet deposition that adheres to plant surfaces (unitless). A
19 value of 0.2 is used for anions and two specific organic COPCs (p-chloroaniline and n-
20 nitrosodi-n-propylamine) that ionize to anionic forms (EPA 1998a). A value of 0.6 is
21 used for cations and all other organics (EPA 1998a). See Table 6-3.

22 Dywp= unitized yearly average wet deposition from particle phase (s/m2-yr). Dywp, from the
23 air dispersion modeling, is flue-specific.

24 Rp = interception fraction of the edible portion of plant for aboveground produce (unitless).
25 Rp is plant-type-specific, with a value of 0.39 (representing a weighted average of
26 fruits and vegetables; EPA 1998a) used for produce, a value of 0.05 for forage
27 (EPA 1998a), and a value of 0.459 (calculated per methods in EPA 1998a) for silage.
28 See Table 6-3.

29 e = base of the natural logarithm (unitless). e=Y - ^ 2.718282.^
i_o il

30 kp = plant surface loss coefficient (yr '). The recommended default value of 18 yr'
31 (EPA 1998a) is used for all constituents (see Table 6-3).

32 Tp = length of plant exposure to deposition per harvest of edible portion of plant for
33 aboveground produce (yr). The recommended default values from EPA (1998a) of
34 0.164 yr for produce, 0.12 yr for forage, and 0.16 yr for silage are used (Table 6-3).

35 Yp = yield or standing crop biomass of the edible portion of the plant for aboveground
36 produce (productivity) (kg/mZ). Yp is site-specific and plant-type-specific. The
37 recommended default value of 2.24 kg/mZ (representing a weighted average of fruits
38 and vegetables; EPA 1998a) is used for produce, while a value of 0.0195 kg/mz
39 (estimated from values found in Wisiol 1984) is used for forage, and a value of 0.8
40 kg/mZ (EPA 1998a) is used for silage. See Table 6-3.

41 0.48 = multiplier for modeling of total mercury (unitless), as shown in EPA 1998a

42
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Per EPA ( 1998a), the equation to calculate the aboveground plant concentration due to direct deposition
for divalent mercury (see the equations for mercury modeling found in Table B-2-7 in EPA 1998a) is:

Pd(Hg2l) = 0.78 • PdtHgt (Eq. 6-14)

and the equation to calculate the aboveground plant concentration due to direct deposition for methyl
mercury (see the equations for mercury modeling found in Table B-2-7 in EPA 1998a) is:

9 Pd(Myg) = 0.22 - PdiHRt (Eq. 6-15)

10
11 where:
12
13 Pd(HxZ, = concentration of divalent mercury in aboveground produce due to direct (wet and
14 dry) deposition (mg COPC/kg plant tissue DW)

15 Pd(mx,^) = concentration of inethyl mercury in aboveground produce due to direct (wet and
16 dry) deposition (mg COPC/kg plant tissue DW)

17 Pd(H,) = concentration of total mercury in aboveground produce due to direct (wet and dry)
18 deposition (mg COPC/kg plant tissue DW). Pd(H.) is calculated in Eq. 6-13 above
19 for produce, forage, and silage.

20 0.78 = multiplier for modeling of divalent mercury (unitless), as shown in EPA 1998a

21 0.22 = multiplier for modeling of methyl mercury (unitless), as shown in EPA 1998a

22
23 Note that in the equations to calculate the concentration in aboveground plants due to direct deposition,
24 several parameters are flue-specific. This necessitates estimating the concentration in aboveground plants
25 due to direct deposition for each flue individually. Then the individual concentrations from the flues will
26 be summed to obtain the overall concentration in aboveground plants due to direct deposition.
27
28 Also, note that in the equations to calculate the concentration in aboveground plants due to direct
29 deposition, several parameters are plant-type-specific (produce, forage, and silage, for example). That is,
30 when estimating the concentration in aboveground plants due to direct deposition for produce, the
31 produce-specific parameters will be used. Likewise, when estimating the concentration in aboveground
32 plants due to direct deposition for forage and silage, the forage-specific parameters and the silage-specific
33 parameters will be used, respectively.
34

35 6.5.2 Aboveground Plants/Air-to-Plant Transfer

36 The equations used to estimate the aboveground plant concentration due to air-to-plant transfer are
37 presented below. Per EPA guidance (EPA 1998a), special consideration is given to modeling for total
38 mercury, divalent mercury, and methyl mercury. Special consideration is also given to modeling for
39 carbon-14 and tritium (see detailed discussion below, based on guidance from NRC 1977). The
40 aboveground plant concentrations due to air-to-plant transfer are estimated for the following plant types:
41 produce, forage, and silage.
42

Page 6-19



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

I The equation to calculate the aboveground plant concentration due to air-to-plant transfer for all
2 vapor-phase COPCs, except total mercury, divalent mercury, and methyl mercury (Eq. 5-18 in
3 EPA 1998a), is:

5 Pv= Q
F - Cyv- BvaR' VGax

P.
(Eq. 6-16)

7 and the equation to calculate the aboveground plant concentration due to air-to-plant transfer for all
8 ROPCs, except carbon-14 and tritium (comparable to Eq. 5-18 for COPCs in EPA 1998a), is:
9

CF Q- F„ • Cyv - BvaR ' VGag10 Pv = (Eq. 6-17)
P.

11

12

13

14

15

16
17
18
19
20

21
22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39
40

41

42

and the equation to calculate the aboveground plant concentration due to air-to-plant transfer for total
mercury (equation for mercury modeling found in Table B-2-8 in EPA 1998a) is:

0.48 Q- F •Cyv - BvIx' VGo9
Pv(HR) _

P
(Eq. 6-18)

a

where:

Pv = concentration of COPC or ROPC in aboveground plant due to air-to-plant transfer
(mg COPC/kg plant tissue DW and pCi ROPC/g plant tissue DW)

Pvft = concentration of total mercury in aboveground plant due to air-to-plant transfer
(mg COPC/kg plant tissue DW)

Q = COPC- or ROPC-specific emission rate (g/s for COPCs and Ci/s for ROPCs), derived
as described in section 5

F, = fraction of COPC or ROPC air concentration in vapor phase (unitless). F, is shown in
Appendix B-1, tables B1-1 (organic COPCs), B1-2 (inorganic COPCs), and B1-3
(ROPCs). The model uses F, = I for constituents modeled as only vapor phase except
for total mercury where F, = 0.85. Otherwise, the model uses F, = 0 for constituents
modeled in particle-phase or particle-bound phase.

Cyv = unitized yearly average air concentration from vapor phase (µg-s/g-m3 for COPCs and
mCi-s/Ci-m3 for ROPCs). Cyv, from the air dispersion modeling, is flue-specific.

Bv,, = COPC or ROPC air-to-plant biotransfer factor for aboveground plant (unitless). Bv„F
is shown in Appendix B-l, tables B1-1 (organic COPCs) and B 1-2 (inorganic
COPCs). The Bvux value for produce is used to estimate aboveground plant
concentration due to air-to-plant transfer for produce, while the Bvo value for forage
(denoted as Bvf,,,oRe in Appendix B-1, tables BI-1 and B1-2) is usedto estimate
aboveground plant concentration due to air-to-plant transfer for both forage and silage
(EPA 1998a). Note that because no values for Bvox could be found for radionuclides
that are in vapor phase, Pv for air-to-plant transfer cannot be quantified for a few
ROPCs.

VGag = empirical correction factor for the aboveground plant due to air-to-plant transfer
(unitless). For produce, the recommended default values (EPA 1998a) for VGoR are
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used: a value of 0.01 for COPCs and ROPCs with a log of the octanol/water
partitioning coefficient (Ko„,) ? 4 and a VG„g value of 1 for COPCs and ROPCs with a

10

11
12
13
14
15

16

17
18
19
20

21

22
23
24
25
26

27
28

29
30

31

32

33
34
35
36
37
38
39
40
41
42
43
44
45
46

log K„„ < 4. If no K,,,y value exists for a constituent, the model conservatively uses
VGag= 1. K„„, is COPC-specific and shown in Appendix B-1, Table 81-1, for organic
COPCs. For forage and silage, the recommended default values of 1 and 0.5,
respectively (EPA 1998a), are used for VGag. See Table 6-3.

p„ = density of air (g/m3). The recommended default value of 1200 g/m3 (EPA 1998a) is
used (Table 6-3).

CF = units conversion facl:or of I x 109 (pCi/mCi); used for ROPCs in Eq. 6-17 only

0.48 = multiplier for model;ing of total mercury (unitless), as shown in EPA 1998a

Per EPA (1998a), the equation to calculate the aboveground plant concentration due to air-to-plant
transfer for divalent mercury (see the equations for mercury modeling found in Table B-2-8 in
EPA 1998a) is:

PV(Hgy,) = 0.78 • Pv(Hg) (Eq. 6-19)

and the equation to calculate the aboveground plant concentration due to air-to-plant transfer for methyl
mercury (see the equations for mercury modeling found in Table B-2-8 in EPA 1998a) is:

PV(MHg) = 0.22' PVtHg)

where:

(Eq. 6-20)

Pv(Hgz, = concentration of divalent mercury in aboveground plant due to air-to-plant transfer
(mg COPC/kg plant tissue DW)

PvWH,) = concentration of methyl mercury in aboveground plant due to air-to-plant transfer
(mg COPC/kg plant tissue DW)

Pv,H,,) = concentration of total mercury in aboveground plant due to air-to-plant transfer
(mg COPC/kg plant tissue DW). Pv(H.) is calculated in Eq. 6-18 above.

0.78 = multiplier for modeling of divalent mercury (unitless), as shown in EPA 1998a

0.22 = multiplier for modeling of methyl mercury (unitless), as shown in EPA 1998a

Note that in the equations to calculate the concentration in aboveground plants due to air-to-plant transfer,
several parameters are flue-specific. This necessitates estimating the concentration in aboveground plants
due to air-to-plant transfer for each flue individually. Then the individual concentrations from the flues
will be summed to obtain the overall concentration in aboveground plants due to air-to-plant transfer.

Also note that in the equations to calculate the concentration in aboveground plants due to air-to-plant
transfer, several parameters are plant-type-specific. That is, when estimating the concentration in
aboveground plants due to air-to-plant transfer for produce, the produce-specific parameters are used.
Likewise, when estimating the concentration in aboveground plants due to air-to-plant transfer for forage
and silage, the forage-specific parameters and the silage-specific parameters are used, respectively.

As mentioned above, special consideration is given to modeling for carbon-14 and tritium. Risk
calculations for most ROPCs are based on the assumption that radionuclides are present as particulates or
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I vapors. However, special consideration must be given to carbon-14 and tritium, as these ROPCs are
2 processed by vegetation with natural carbon and hydrogen, respectively. Thus, the vegetation ingestion
3 pathway for carbon-14 and tritium is dependent on the exchange of carbon and hydrogen between plants
4 and the environment. For this assessment, guidance from Regulatory Guide 1.109 (NRC 1977) is used to
5 account for the bioaccumulation of carbon-14 and tritium in plants that could lead to human exposure
6 through vegetation ingestion. This is achieved through the use of correction factors and using the
7 assumptions that all carbon-14 is released by the WTP in oxide form (CO or COz) and tritium is released
8 in water vapor. These correction factors will be applied to the concentration (for example, pCi/L)
9 estimated at the point of exposure by the air model.

10
11 The concentration of carbon-14 in vegetation is calculated assuming that its ratio to the natural carbon in
12 vegetation is equal to the ratio of carbon-14 to natural carbon in the atmosphere surrounding the
13 vegetation (NRC 1977):
14

Cq(^_,4) - p - 0.11
15 C ^^_^,^ =

.16
(Eq.6-21

0
)

16
17 where:
18
19 Cv(c_14 = concentration of carbon-14 in vegetation (pCi ROPC/g plant tissue DW)

20 CAtG44= concentration of carbon-14 in the surrounding air (pCi/m3). CAtc_14is obtained from
21 the air dispersion modeling.

22 p = ratio of the total annual release time to the total annual time during which
23 photosynthesis occurs; a conservative ratio of 1.0 is used

24 0.11 = fraction of the total plant mass that is natural carbon (dimensionless)

25 0.16 = concentration of natural carbon in the atmosphere (g/m3)

26
27 The concentration of tritium in vegetation will be calculated based on the equilibrium between moisture
28 in the air and water in plants (NRC 1977):
29

30 Cv(H_3) = CA(_3) • 0.75 - (0.5 = Humidily) (Eq. 6-22)

31
32 where:
33
34 CvtH_3 = concentration of tritium in vegetation (pCi ROPC/g plant tissue DW)

35 CA(H_3 = concentration of tritium in the surrounding air (pCi/m). CA(H_3 is obtained from
36 the air dispersion modeling.

37 0.75 = fraction of the total plant mass that is water (dimensionless)

38 0.5 = ratio of tritium concentration in plant water to tritium concentration in atmospheric
39 water (dimensionless)

40 Humidity = humidity of the atmosphere (g/m3). A site-specific value of 68%, or 0.68 g/m' (US
41 Forest Service, National Park Service, and US Fish and Wildlife Service 2000) is
42 used.

43
44 The concentration of carbon-14 and tritium in vegetation will be used as the total plant concentration for
45 these ROPCs throughout the risk assessment, instead of estimating concentrations for specific types of
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plants (such as produce, forage, silage, and grain) and specific parts of the plants (that is, aboveground
and belowground).

6.5.3 Root Uptake

The concentration of COPCs and ROPCs in plants due to root uptake from the soil will be calculated for
aboveground and belowground plants. These concentrations are calculated for all COPCs and all ROPCs
except carbon-14 and tritium (see section 6.5.2). The concentration of plants due to root uptake from the
soil is a function of the soil concentration and a soil-to-plant bioaccumulation uptake factor. Section
6.5.3.1 discusses the modeling of aboveground plants due to root uptake. Section 6.5.3.2 discusses the
modeling of belowground plants due to root uptake. A discussion of uptake factors is presented in
section 6.5.3.3.

6.5.3.1 Root Uptake/Aboveground Plants

The concentration in aboveground plants due to root uptake is a function of the soil concentration and the
soil-to-plant bioaccumulation uptake factor for aboveground plants. The aboveground plant
concentrations due to root uptake will be estimated for the following plant types: produce, forage, silage,
and grain. No estimates of aboveground plant concentration due to root uptake will be made for
carbRn-14 and tritiup, because a"vegetatiRn cRncentratiRd' wiffbe estip ated as the tRtaOSQnt
concentration for these two isotopes (see section 6.5.2). Also, the untilled soil depth of 1 cm is
considered too shallow to estimate plant concentrations for consumption by human and ecological
receptors; thus, only root zone soil concentrations (depth of 15 cm) and tilled soil concentrations (depth of
20 cm) are used to model aboveground plants due to root uptake.

The equation used to calculate the aboveground plant concentration due to root uptake (b q. 5-20A in
bPA 1998a) for all COPCs and for all ROPCs, except carbon-14 and tritium, is:

Prog =Cs - Br„g

28
29 where
30

(bq. 6-23)

31 Prag = concentration of COPC or ROPC in aboveground plant due to root uptake (mg
32 COPC/kg plant tissue a t and pCi ROPC/g plant tissue a t). Prag is calculated
33 separately for tilled soil (20 cm depth) and root-zone soil (15 cm depth). See the
34 discussion below for appropriate combinations of plant types (that is, produce, forage,
35 silage, and grain) and soil depths.

36 Cs = soil concentration (mg/kg for COPCs and pCi/g for ROPCs). Cs is depth-specific and
37 calculated in bq. 6-1 through bq. 6-4.

38 BraR = plant-soil bioconcentration factor for aboveground produce (unitless). Br, is shown in
39 Appendix B-l, tables Bl-1 (organic COPCs), B1-2 (inorganic COPCs), and B1-3
40 (ROPCs). Separate Bra, values are used for produce (denoted as BraF), forage (denoted
41 as Brf„a,^,), silage (per bPA 1998a, Bry„axr is used to estimate both forage and silage),
42 and grain (denoted as BrK,ai,). The values for BroR in Appendix B-1, Table BI-1
43 (organic COPCs), will be compared against the calculated mass-limited uptake factors
44 that are described in section 6.5.3.3 (values shown in Table 6-4), and the smaller of the
45 two values will be used in the calculation of the aboveground plant concentration due
46 to root uptake (Pro,,). The use of the smaller value in this comparison prevents the
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1 overestimation of Pras, because in some cases, the derived uptake factors (Bra,) are not
2 physically possible, leading to the prediction of more chemical being accumulated by
3 an organism from the soil than is released from the facility and deposited onto the soil.
4 In this situation, use of the mass-limited uptake factor prevents the overestimation of
5 PraR.

7 Note that in the equations above, four different plant types (produce, forage, silage, and grain) are
8 modeled. When estimating the concentration in aboveground plants due to root uptake for produce, the
9 produce-specific parameters are used. Likewise, when estimating the concentration in aboveground

10 plants due to root uptake for forage, silage, and grain, the forage-specific parameters, silage-specific
11 parameters, and grain-specific parameters will be used, respectively.
12
13 Note also that in the equations above, two different soil depths (tilled soil and root-zone soil) are used
14 because untilled soil (1 cm depth) is considered too shallow for plants with root uptake. However, not
15 every combination of the two soil types with the four plant types is appropriate. The following
16 combinations of soil types and plant types will be used in estimating the aboveground plant concentration
17 due to root uptake:
18
19 • When estimating concentrations for aboveground plants due to root uptake for produce, the tilled soil
20 concentrations will be used.

21 • When estimating concentrations for aboveground plants due to root uptake for wild produce (for
22 consumption by Native Americans), the root-zone soil concentrations will be used.

23 • When estimating concentrations for aboveground plants due to root uptake for forage, the root-zone
24 soil concentrations will be used.

25 • When estimating concentrations for aboveground plants due to root uptake for silage, the tilled soil
26 concentrations will be used.

27 • When estimating concentrations for aboveground plants due to root uptake for grain, both the tilled
28 soil concentrations and root-zone soil concentrations will be used. Grain modeled from tilled soil will
29 be used in subsequent modeling of domesticated animals (for example, animals on a farm, such as
30 chickens), while grain modeled from root-zone soil will be used in subsequent modeling of wild
31 animals (for example, animals ultimately hunted and consumed by Native Americans, such as wild
32 fowl).

33
34 6.5.3.2 Root UptakeBelowground Plants

35 The concentration in belowground plants due to root uptake is a function of the soil concentration, the
36 soil-to-plant bioaccumulation uptake factor for belowground plants, and a correction factor for
37 belowground produce. The belowground plant concentrations due to root uptake will be estimated for
38 only one plant type: produce. No estimates of belowground plant concentration due to root uptake will be
39 p aC{]lor carbon-14 anGVdll6p , bfpausHa "vl-gl-P)X6n concppVttr)Abn" will bHHNAP a)Was WHWw planW
40 concentration for these two isotopes (see section 6.5.2). Also, the untilled soil depth of 1 cm is
41 considered too shallow to estimate plant concentrations for consumption by human and ecological
42 receptors; thus, only root zone soil concentrations (depth of 15 cm) and tilled soil concentrations (depth of
43 20 cm) will be used to model belowground plants due to root uptake.
44
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The equation used to calculate the belowground plant concentration due to root uptake (Eq. 5-20B in
EPA 1998a) for all COPCs and for all ROPCs, except carbon-14 and tritium, is:

Prbx = Cs • Br,.NrR ' VG,ooN« (Eq. 6-24)

where:

Prb, = concentration of COPC or ROPC in belowground plant due to root uptake
(mg COPC/kg plant tissue DW and pCi ROPC/g plant tissue DW). Prh, is
calculated separately for tilled soil (20 cm depth) and root-zone soil (15 cm depth).

Cs = soil concentration (mg/kg for COPCs and pCi/g for ROPCs). Cs is depth-specific
and calculated in Eq. 6-1 through Eq. 6-4.

Br,o,,,veK = plant-soil bioconcentration factor for belowground plants (unitless). Br,,,,,,,eg is
shown in Appendix B-1, tables B1-1 (organic COPCs), B1-2 (inorganic COPCs),
and B 1-3 (ROPCs). Note that per EPA 1998a, for organic COPCs, Br,,,,,,eR can be
calculated as RCF =(Kd, x CF), where RCF is the root concentration factor
(mL/g), Kd,, is the soil-water partition coefficient (L/kg), and CF is a units
conversion factor of 1(kg-mL)/(g-L). Values for RCF and Kds are shown in
Appendix B-1, Table B1-l, for organic COPCs. The values for Br,,,o,,rx in
Appendix B-1, Table B1-1, (organic COPCs) will be compared against the
calculated mass-limited uptake factors for produce that are described in section
6.5.3.3 (values in Table 6-4), and the smaller of the two values will be used in the
calculation of the belowground plant concentration due to root uptake (Prb,). The
use of the smaller value in this comparison prevents the overestimation of Prhx,
because in some cases, the derived uptake factors (Br,,,,,,,e',) are not physically
possible, leading to the prediction of more chemical being accumulated by an
organism from the soil than is released from the facility and deposited onto the soil.
In this situation, use of the mass-limited uptake factor prevents the overestimation
of Prhs.

VG,,,,,,,,QR = empirical correction factor for belowground plants (unitless). For belowground
plants, the recommended default values (EPA 1998a) for VG,,,,,,,,eK are used: a value
of 0.01 for COPCs and ROPCs with a log K,„, _ 4 and a VG,,,,,n,eK value of I for
COPCs and ROPCs with a log K„„, < 4 (see Table 6-3). If no K„„, value exists for a
constituent, the model conservatively uses VG,"o,veg= 1. Ko„, is COPC-specific and
shown in Appendix B-1, Table BI-1, for organic COPCs.

Note that in the equation above, two different soil depths (tilled soil and root-zone soil) will be used
because untilled soil (1 cm depth) is considered too shallow for plants with root uptake. Root vegetables
grown in tilled soil (20 cm depth) will be used in subsequent human health risk equations for the resident
(that is, non-Native American) consuming produce, while root vegetables grown in root-zone soil (15 cm
depth) will be used in subsequent human health risk equations for the Native American consuming wild
produce (see section 7.1.3 for a description of the receptors and exposure pathways).

6.5.3.3 Mass-Limited Soil-to-Plant Uptake Factors

The concentrations of contaminants in plants due to root uptake, for both aboveground and belowground
plants, are a function of the soil concentration and soil-to-plant bioaccumulation uptake factor. Soil
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concentrations used in the modeling of aboveground and belowground plants due to root uptake will be
from the root-zone depth (15 cm) and from the tilled soil depth (20 cm); the untilled soil depth (1 cm) is
considered too shallow for the modeling of aboveground and belowground plants due to root uptake. The
uptake factors for organic chemicals recommended in the Human Health Risk Assessment Protocol
(HHRAP) (EPA 1998a) and the Screening-Level Ecological Risk Assessment Protocol (SLERAP) (EPA
1999a) are calculated from regression equations developed for a few chemicals and exposure situations.
In some cases these derived uptake factors are not physically possible because they predict that more
chemical will be accumulated by an organism from the soil than is released from the facility and
deposited onto the soil. This problem affects a subset of the 370 organic chemicals being evaluated for
the WTP.

For example, if I mg of methyl alcohol is deposited per square meter of soil at the point of maximum
deposition (calculated as [total deposition rate] [total years of deposition] [units conversion factor]), then
using the root-to-aboveground produce transfer factor recommended by EPA guidance (EPA 1998a)
would result in an accumulation of 4.28 mg of methyl alcohol in the aboveground edible tissues of plants
in one growing season in a I square meter area (calculated as [concentration in soil] [EPA uptake factor]
[EPA default value for yield for produce]). This is more than 4 times the amount of chemical available
from 40 years of WTP emissions (4.28 = 1.0 = 4.28). This overestimate would then be carried through
the risk assessment. For example, if the aboveground plant concentration were overestimated by a factor
of more than 4, then risk to human and ecological receptors from ingestion of aboveground plant tissue
would also be overestimated by a factor of more than 4. This uptake factor problem does not apply to all
COPCs but is limited to some organic chemicals. Uptake factors for organic chemicals are calculated
using regression equations; uptake factors for inorganic chemicals and radionuclides are taken from more
empirical sources, are sufficiently known, and are not included in this discussion.

There are a variety of ways that the above problem may be corrected, depending on the source of the
original uptake factor and the amount of uptake information available. Possible solutions include:

• identify published, empirically derived uptake factors for the organic chemicals, including
development of more representative equations for estimating uptake factors for organic chemicals.

• Conduct laboratory experiments to measure realistic, site-specific, uptake factors.

• CaQuQAM"p ass-(Dp LWP' uS)hkHTaF'%5 assup Ing a&RI VVHhhH' IFaOdISRsl1)W Rn)KftsR" AcFp
up by an organism.

))u)<kLs Lisk assHsp I-pWWHFa.QuQ)Xkn RI "p ass-mp I1)W" uS)h1cHIaF)W has EI{.p ol*Ag+ inHl )REHVe'H
most reasonable option and has been performed. Maximum (mass-limited) uptake factors based on
simple conservation of mass (that is, that result in transfer of 100 % of the deposited chemical into the
receiving organism, but no more) can be calculated. These calculations can be shown to be a function of
the soil density and the plant yield. Since the soil density is dependent on the soil depth and since the
root-zone and untilled soil depths apply to the plant concentration due to root uptake, separate
determinations of the soil-to-plant, mass-limited uptake factor must be made for these two depths.

The initial soil-to-plant, mass-limited uptake factor (that is, before adjustments are made for the length of
operation for the facility and to divide aboveground and belowground produce) is calculated as:

Initial Uptake Factor = Soil a ensity = Plant Yield (Eq. 6-25)
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where:

Initial Uptake Factor = initial calculation of soil-to-plant uptake factor (kg soil/mZ per kg DW
plant/m)

Soil Density = soil clensity (kg soil/mz), calculated as bulk density (in kg soil/m3)
times soil depth (in meters) (that is, mass per area for a specific depth).
For example, using a soil bulk density of 1.3 g/cm3 (1300 kg/m3) and a
soil dlepth of 15 cm (0.15 m), the soil density is
(1300 kg/m3) (0.15 m) = 195 kg/mZ. The soil density for tilled soil
(that is, at the 20 cm depth) is (1300 kg/m3) (0.2 m) = 260 kg/mz. Both
soil depths are used to estimate separate mass-limited uptake factors.

Plant Yield = yield for the plant (kg DW plant/mZ). Plant yields used are 2.24 kg/mZ
for aboveground produce (EPA 1998a), 0.75 kg/mZ for belowground
produce (Washington Agricultural Statistics Service 2001),
0.0195 kg/m 2 for forage (Wisiol 1984), 0.8 kg/m2 for silage
(EPA. 1998a), and 0.25 kg/mZ for grain (Washington Agricultural
Statistics Service 2001); see Table 6-4.

As seen above, the initial soil-to-plant, mass-limited uptake factor is a function of the soil density (which
is dependent on the depth of soil) and the plant yield. These mass-limited uptake factors assume that:

• In one growing season, the plant takes up all of the chemical deposited over 40 years.

• The plant concentrates all of the deposited chemical into the aboveground edible portion of the plant.

These assumptions directly contradict other assumptions recommended in the risk assessment guidance
(EPA 1998a):

• If the plant takes up the entire deposited chemical in one growing season, a human receptor cannot be
exposed to this concentration for the recommended exposure durations (which are longer than one
year for the various adult receptors).

• If plants take up all of the deposited chemical in the aboveground portion, the concentration in the
belowground portion (that is, root vegetables) must be zero.

To prevent this contradiction, reasonable maximum uptake factors can be calculated using the following
assumptions:

• 7he SIEpWtWe uS one yeD}s wotjA'oI deSosiWin egh gligwing seDon so W'IjhYoUeEyfi yeDpl
exposure, the plants take up all the deposition available that year.

• The plants take up one-half of the available chemical into the edible aboveground portion and
one-half into the edible belowground portion.

Using these assumptions, reasonable maximum uptake factors can be calculated as:

0 Ds-lip iVkb 8 S)We) D:Wt=' niVW 8 S'#e )EFVA_r 0 odilying) rFW (( T. 6-26)
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where:

3 Mass-limited Uptake Factor = final mass-limited, soil-to-plant uptake factor (kg soil/mz per kg

4 DW plant/mZ)

5 Initial Uptake Factor = initial estimate of uptake factor, calculated in Eq. 6-25

6 Modifying Factor = adjustments necessary for aboveground versus belowground

7 portions of the plant and for operating duration of the facility

8 that is producing emissions

9
10 There are two types of modifying factors used to estimate the mass-limited uptake factor; these modifying
11 factors are dependent on the type of plant (that is, produce, forage, silage, and grain). One type of
12 modifying factor is applied to plant types that have both aboveground and belowground concentrations.

13 For produce, a modifying factor of 1/2 is applied to aboveground produce due to root uptake, and a
14 modifying factor of 1/2 is applied to belowground produce due to root uptake (so as to equally divide the
15 mass-limited uptake factor between aboveground and belowground produce due to root uptake).
16 However, this modifying factor related to aboveground versus belowground is not applied to forage,

17 silage, or grain since the edible portions of these plant types are all totally aboveground. The second type

18 of modifying factor (a modifying factor of 1/40) is used to apportion the depositions over the 40-year

19 duration of the facility. This second type of modifying factor is applied to produce, silage, and grain
20 because these products will be harvested and the chemicals in them removed from the soil. This 40-year
21 modifying factor is not applied to forage because some of the forage will remain and decay in place, thus
22 returning the chemicals to the soil. Therefore, the modifying factors (combining the two types of
23 modifying factors, as appropriate) are:
24
25 • 1/80 for aboveground produce due to root uptake (1/2 -1/40)

26 • 1/80 for belowground produce due to root uptake (1/2 • 1/40)

27 • 1 for forage (no modifying factor applied)

28 • 1/40 for silage (1/2 modifying factor not applied)

29 • 1/40 for grain (1/2 modifying factor not applied)

30
31 Soil-to-plant, mass-limited uptake factors are provided in Table 6-4. The final step in this mass-limited

32 uptake factor approach is to compare the uptake factors as specified in the HHRAP guidance
33 (EPA 1998a) to these calculated mass-limited uptake factors, on a chemical-by-chemical basis for

34 organic COPCs. The smaller of the two values will be used in the estimation of plant concentrations.

35
36 6.6 Other Media

37 Modeling for various animal products (such as wild game and fish) is also necessary for this risk

38 assessment. However, since this modeling effort is slightly different for the human health risk

39 assessment (HHRA), as opposed to the ERA, the modeling will be described in section 7.1.7.5 for

40 human health receptors and in section 8.2.3.1 for ecological receptors.
41
42 6.7 Uncertainty in Fate and Transport Modeling

43 Uncertainties will be presented in the risk assessment for each aspect of the environmental fate and

44 transport modeling. This includes air dispersion modeling, soil accumulation modeling, surface water
45 modeling, sediment modeling, and plant accumulation modeling. The uncertainty assessment will be
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1 presented in the form of both text and tables summarizing the primary contributors and potential
2 magnitude of uncertainties.
3
4 A variety of conservative assumptions are used throughout the modeling process to compensate for
5 uncertainties. One limitation of the air dispersion and deposition modeling will result in the
6 overestimation of COPC and ROPC concentrations in all media. This overestimation results from the
7 double counting of COPCs and ROPCs in air and deposited on soil, plants, and surface water. Air
8 dispersion and deposition components of the modeling are conducted separately. Therefore, when
9 estimating ambient air concentrations for inhalation exposure, the model assumes no loss due to

10 deposition. When estimating deposition, the deposition rate at each point on the receptor grid assumes no
11 loss of COPCs and ROPCs in the air due to deposition at any other grid or receptor location. Some
12 important sources of uncertainty in each type of modeling are summarized in the following sections.
13
14 6.7.1 Uncertainty in Air Dispersion Modeling

15 A number of sources of uncertainty exist in the air dispersion modeling, such as:
16
17 • Input values, such as stack emission characteristics

18 • Emission rates of individual COPCs and ROPCs

19 • Meteorological data

20 • Accurate simulation of the atmospheric dispersion of emissions plume from each flue

21
22 Some of these uncertainties are based on the limited data available, such as estimated emission rates as
23 described in section 5.5. Other uncertainties become larger when the model is used at the limits of its
24 normal application (for instance, in very complex terrain as distances from the source increase).
25
26 6.7.2 Uncertainty in Soil Accumulation Modeling

27 Estimating soil concentrations incorporates numerous uncertainties, which are inherent in the assumptions
28 that are the basis for the calculations. Examples of uncertainty in the parameters would be soil mixing
29 depth, soil bulk density, and volumetric water content, which are assigned a single value, but may vary
30 widely over a relatively small area. The concentration of COPCs and ROPCs in soil will be subject to
31 loss due to biotic and abiotic degradation; however, transformation and subsequent increase of secondary
32 COPCs (that is, degradation products) will not be considered in the assessment. Transformation of
33 ROPCs and formation of daughter products will be included in this assessment through the use of toxicity
34 values that include daughter products.
35
36 6.7.3 Uncertainty in Surface Water Accumulation Modeling

37 Uncertainty in the estimation of surface water and fish concentrations of COPCs and ROPCs results from
38 the assumptions used in the calculations. The equations assume that the water body reaches a steady-state
39 condition; however, for application to the Columbia River and any other flowing surface water, this
40 assumption is extremely conservative. Additionally; many of the equations used to model the fate of
41 COPCs and ROPCs deposited into the water body greatly simplify the mechanisms occurring within such
42 a dynamic system and may overestimate or underestimate the concentration of given COPCs and ROPCs
43 in the surface water. It is also assumed that the maximum deposition of COPCs and ROPCs occurs over
44 the entire depositional area of the water body, which is a source of additional uncertainty and
45 conservatism.
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2 6.7.4 Uncertainty in Sediment Accumulation Modeling

3 There is uncertainty in assigning COPCs exclusively to either water column or bed sediment for purposes
4 of estimating fish-tissue concentrations as described in the EPA guidance for human health (EPA 1998a)
5 and concentrations of other organisms as described in the SLERAP (EPA 1999a). The problem is that
6 this approach to partitioning COPCs in the aquatic environment may not reflect the multiple pathways by
7 which different kinds of organisms are potentially exposed to any given contaminant.
8
9

10
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The EPA approach estimates concentrations of organisms using bioconcentration factors (BCFs) and
dissolved water concentrations for COPCs with low values for Kow„ bioaccumulation factors (BAFs) and
whole-water concentrations for COPCs with moderate values for KoH„ and BAFs and sediment
concentrations for COPCs with high values for KoW,. The uncertainty lies in the source and meaning of the
different biotransfer factors used for the different media. If the EPA (1998a) biotransfer factors do not
incorporate all the pathways to all organisms from the single medium where each COPC is assumed to
predominate, then the exposure will be underestimated. It is unlikely that the EPA transfer factors
account for all pathways relevant to all fish.

Fish take up contaminants into their tissue via the water in contact with their gills and via the ingestion of
water, abiotic particulates, and biota. Some organisms will be exposed by primarily one pathway, while
others will be exposed over multiple pathways:

• Dissolved contaminants are primarily taken up across the gill membrane; thus, all organisms living in
the water column will be exposed to dissolved contaminants.

• Filter-feeding organisms, which usually live in the water column, will also be exposed to
contaminants bound to suspended particulates that they filter out of the water and ingest.

• Sediment-ingesting organisms that live in the water column will also be exposed to sediment
contaminants by direct ingestion.

• Predatory fish, which are also water-column dwellers, will also be exposed to dissolved,
particulate-bound, and sediment contaminants by ingesting prey that were so exposed, as well as by
direct uptake from the water column and ingestion of suspended particulates.

In fact, there are probably few organisms that are exposed to only dissolved contaminants, perhaps only
those that live in the water column and selectively feed on planktonic animals to the exclusion of abiotic
particulates. Therefore, assigning each contaminant to a particular class of media (dissolved water, whole
water, and bed sediment), based on its tendency to adsorb to particles or organic carbon, potentially
neglects pathways from other media. Further discussion of uncertainty related to these pathways is
presented in the ecological section (section 8.6) of this work plan.

6.7.5 Uncertainty in Plant Accumulation Modeling

Calculation of COPC and ROPC concentrations in biota incorporates the uncertainties inherent in
calculation of air and soil concentrations because the air and soil are the sources of COPCs and ROPCs to
plants. Uncertainties also arise from the assumption that the location of maximum soil concentration is
the location of exposure to biota over a multiple-year period. Additionally, although COPCs and ROPCs
are incorporated into plants and animal tissue, it is assumed that the COPC and ROPC concentration in
soil does not decrease due to these processes. Assumptions of the animal feed ingestion rates introduce
additional uncertainty because they are based on average rates.
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1 Additional pathways, such as fugitive dust emissions or entrainment of soil in rainwater splash, may
2 contribute to COPC and ROPC concentrations in biota. However, no equations are available to quantify
3 these pathways. In addition, the chemical transport through inedible portions of plants (such as corn
4 husks) may contribute to COPC and ROPC concentrations in edible portions of plants (such as corn
5 kernel). Transfer factors for this type of chemical transport are not available.
6
7 6.8 Summary of Environmentall Modeling

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Air dispersion modeling will be used to determine COPC- and ROPC-specific concentrations and
deposition rates resulting from emissions of the WTP. The assessment area will be a 50 km radius
extending out from the WTP. These results will be used as input into the human health and ecological
risk assessments.

The CALPUFF model will be used for the air quality modeling task. The WTP emissions, as determined
by the design engineers, and one year of Hanford Site meteorological data collected by the Hanford Site
Meteorological Station will be used as input into the model. COPC and ROPC-specific concentrations
and deposition rates will be calculated at a gridded network of receptors and at specific sensitive receptors
identified by the risk assessment analysts.

Fate and transport modeling will be used to estimate COPC and ROPC concentrations in various exposure
media (air, soil, surface water, sediment, plants, and animal tissue). This modeling effort will utilize
assumed emissions rates with a combination of site-specific and default parameters to describe the
movement of COPCs and ROPCs through the environment. This modeling is predictive and cannot be
confirmed by sampling environmental media since the emissions source does not yet exist. The
uncertainty associated with this predictive modeling is addressed through the use of conservative
assumptions whenever possible. Estimated media concentrations resulting from this modeling effort will
be used in the exposure assessment for the human health (section 7) and ecological (section 8) risk
assessments. Environmental modeling will be the same for the PRA and final risk assessment (FRA) with
the possible inclusion of additional site-specific modeling parameters in the FRA.
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Table 6-1 Site-Specific Parameters Used in Modeling Soil Concentrations

Parameter Descrip tion

Value

Used
Unit of
Measure Source Used to Estimate"

Empirical interce pt coefficient 0.6 unitless EPA 1998a, based on ex pected watershed area Soil loss due to erosion

A, Total watershed area receiving COPC deposition 4.OOP+09 m2 Estimated as half the study area Soil loss due to erosionP

Soil bulk densit 1.3

(g soil)/

(cm3 soil Halvorson and others. 1998 Various soil loss mechanisms

USLE cover mana emcnt factor 0.1 unitless EPA 1998a Soil loss due to crosion

Soil enrichment ratio for organic COPCs 3 unitless EPA 1998a Soil loss due to erosion

Soil enrichment ratio for inorg anic COPCs 1 unitless EPA 1998a Soil loss due to erosion

E„ Average annual evapotranspiration 12.045 cm/year

Converted from 0.33 mtn/day; National

Environmcntal Research Park 2002 Soil loss due to leaching

to, Fraction of organic carbon in soil 0.01 unitless EPA 1998a Soil loss due to volatilization

I Average annual irrig ation 0 cm/ ear Assum ption Soil loss due to leachin g
K USLE crodibility factor 0.36 ton/acre EPA 1998a Soil loss due to erosion

LS USLE len tlt-slo e factor 1.5 unitless EPA 1998a Soil loss due to erosion

P Average attnual p reci p itation 18.19 cm/year Western Reg ional Climate Center 2002 Soil loss due to leaching

PF USLE su ortin p ractice factor I unitless EPA 1998a Soil loss due to erosion

R Universal gas constant 8.205E-05

atm-m'/

mol-°K EPA 1998a Soil loss due to volatilization

RF UST.L. rainfall (or crosivit factor 50 1/ r EPA 1998a Soil loss due to erosion

p,, Solids particle density 2.65 g/cm' EPA 1996a Soil loss due to volatilization

RO Average annual surface runoff 2.5 cm/yr

Estimated: assumes the majority of rainfall

recharges or eva p orates Soil loss due to leaching

T, Time period at the beginning oCcombustion 0 years Assumption Soil concentration

Ti Length of exposure duration 40 years Assumption Soil concentration

tD
Time period over which deposition occurs (time

eriod of eombustion
40 years

Assum p tion Soil concentration

0,,,. Volumelric soil water content 2.00E-01 mL/cm; EPA 1998a Various soil loss mechanisms

T„k Water body tempe rature 298 ° K EPA 1998a Soil loss due to volatilization

Z, Soil mixing zone depth;

Various soil loss mechanisms

and soil concentration

untilled soil l cm EPA 1998a
root zone soil 15 cm Assum tion

tilled soil 20 em EPA 1998a

COPC= chemical of potential concern.

EPA = US Environmental Protection Agency.

USLE = Universal Soil Loss Equation.

° This column indicates the parameters that are estimated by the parameter listed in the first column. For example, BD (soil bulk density) is used to estimate various soil loss

mechanisms. For specific use of these parameters in specific equations for soil modeling, see equations 6-1 through 6-4 and equations 82-1 through 62-15.
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Table 6-2 Site-Specific Parameters Used in Modeling Surface Water and Sediment

Value Unit of

Parameter Descri tion Used Measure Source Used to Estimate'

Based on watershed
a Empirical interce p t coefficient 0.6 unitless area (EPA 1998a) Watershed sediment delive ry ratio (SD)

Estimated: assumes

deposited COPCs
Impervious watershed area are all mixed with Load to water body from pervious soil runoff (LRn) and

A, receiving COPC deposition 0 m' soil load to water body from impervious soil runoff (L^r.)

Load to water body from pervious soil runoff (LRn),

Total watershed area receiving Estimated as half of henthic burial rate constant (kb), and

A,, _ COPC deposition 4.00E+09 m, the study area watershed sediment delivery ratio (SD)

Total water body concentration load to water body from

Estimated from map direct deposition (LDL.p), load to water body from dry vapor
A,, Water body surface area 6.00E+06 m2 measurements diffusion (L^„„), and benthic burial rate constant (ke)
b Empirical slope coefficient 0.125 unitless EPA 1998a Watershed sediment delivery ratio (SD )

(g soil)/ Halvorson and others

BD Soil bulk density 1.3 (cm3 soil) 1998 Load to water body from pervious soil runoff (Lr^n)
USLE cover management

C factor 0.1 unitless EPA1998a Unitsoillossrate(Xr)

Sediment concentration (C,), fraction of water body
concentration in water column (f,j, and

Cn_r Bed sediment concentration I g/em' EPA 1998a benthic burial rate constant (kb )

Total water body concentration (C,,o,), total concentration in water

column (C_,,,), sediment concentration (C,eJ), fraction of water

Depth of upper benthic body concentration in water column (fj,

d, sediment layer 0.03 m EPA 1998a total water body depth (d,), and benthic burial rate constant (kb)

Total water body concentration total concentration in water

Modeling data from column (C,«,o,), sediment concentration (C,,,), fraction of water

Columbia Basin body concentration in water column (f,,,) and

d,,,p Depth of water column 7.5 m Research 1996 total water body depth (d^)

K USLE erodibility factor 0.36 ton/acre EPA 1998a Unitsoillossrate(Xe)
Value for flowing

Ka Gas-phase transfer coefficient 36,500 m/yr system (EPA 1998a) Overall transfer rate coefficient (K„)

LS t1SLE length-slope factor 1.5 unitless EPA 1998a Unit soil loss rate (Xj
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Table 6-2 Site-Specific Parameters Used in Modeling Surface Water and Sediment

Value Unit of
Parameter Descri p tion Used Measure Source Used to Estimate'

USLE supporting practice

PF factor I unitless EPA 1998a Unit soil loss rate (X°)

atm-m'/ Load to water body from dry vapor diffusion (L,i,: ) and

R Universal gas constant 8.205E-05 mol-°K EPA 1998a overall transfer rate coefficient (K„)

USLE rainfall (or erosivity)

RF factor 50 I/yr EPA 1998a Unit soil loss rate (X°)

Estimated: assumes -

the majority of

Average annual surface rainfall recharges

RO runof'f' 2.5 cm/yr or evaporates Load to water body from pervious soil runoff (L,,, )

Load to water body from dry vapor diffusion (L,,„) and

0 Temperature correction factor 1.026 unitless EPA 1998a overall transfer rate coefficient (K,)

Lp°r° „st°,/ Sediment concentration (C,,.a) and fraction of water body

0a, Bed sediment porosity 0.6 L,^d EPA 1998a concentration in water column (f„°.)

0,,,, Soil volumetric water content 0.2 mL/cm' EPA 1998a Load to water body from pervious soil runoff (Lz,)

Dissolved phase water concentration (Cd,, ), fraction of water body

concentration in water column (f„J,

Total suspended solids water column volatilization rateconstant (IS,), and

TSS concentration 10 mg/L EPA 1998a benthic burial rate constant (kb )

Load to water body from dry vapor diffusion (L,„F) and

T,,, Water body temperature 298 ° K EPA 1998a overall transfer rate coefficient (K„ )
Modeling data from

Columbia Basin

u Current velocity 1.5 m/s Research 1996 Liquid-phasetransfercoefficient(Ky)

Average volumetric flow Water Resources of Total water body concentration (C,,,e,) and benthic burial rate

Vf, rate through water body 4.0OE+1I m'/yr Washington State 2002 constant (ks)

COPC= Chemical of potential concern.

EPA= US Environmental Protection Agency.

USLE = Universat Soil Loss Equation.

This column indicates the parameters that are estimated by the parameter listed in the first column. For example, the paramete¢ (the empirical intercept coefficient) is used to

estimate the watershed sediment delivery ratio (SD). For specific use of these parameters in specific equations for surface water and sediment modeling, see equations 6-5

through 6-11 and equations B2-16 through B2-42.
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Table 6-3 Site-Specific Modeling Parameters for Estimating Exposure Point Concentrations in Plants

Parameter Descri p tion

Value

Used,

Unit of

Measure Used to Estimate°

Fw

Fraction of constituent wct deposition that adheres to plant surfaces, for anions and
two specific organic COPCs (p-chloroaniline and n-nitrosodi-n-propylamine) that
ionize to anionic forms 0.2 unitless All plants (direct de osition
Fraction of constituent wet deposition that adheres to plant surfaces,
for cations and most organics (p-chloroaniline and n-nitrosodi-n-propylamine, which
ionize to anionic forms, are the exce tions 0.6 unitless All p lants (direct de osition

Rp

Interception fraction of the edible portion ofplant tissue, for produce
(weighted averag e of fmits and ve etables 0.39 unitless Produce (direct dc osition

Rp Interception fraction of the edible portion ot-plant tissue, for fruits 0.053 unitless Fruits (direct deposition)
Rp,„ Intcrceptimt fraction of the edible portion of plant tissue, for vegetables 0.982 unitless Vegetables (direct deposition)

Ru.,,,,.,,- Interceotion fraction of the edible nortinn of nlant tissue, for fnrane 0 OS _r,htess Fora9e lAk,-ect de„o<iti„^l

Rp,7a,, Interception fraction of the edible portion of plant tissue, for silage 0.459` unitless Silage (direct deposition)

kp Plant surface loss coefficient 18 year ^ All p lants (direct de osition

T

Length of plant's exposure to deposition per harvest for edible portion of plart -
p roduce (frnits and ve etables

60/365

( 0.164 ) years Produce (direct de osition
Tp qe e Length of exposure to deposition per harvest for edible portion of plant - forage 0.12 years Forage (direct deposition)
Tputa e Length of exposure to deposition per harvest for edible portion of plant - silage 0.16 years Silage (direct deposition)

Y
Yield or standing crop biomass of the edible portion of the plant for produce (weighted
average of fruits and ve etables 2.24 (kg D W/m2 Produce (direct de osition

Yp p, Yield or standing crop biomass of the edible portion of the plant, for fruits 0.25 (kg DW/m2) Fruits (direct dep osition)

Yp, Yield or standing crop biomass of the edible portion of the plant, for vegetables 5.66 (kg DWhn) Vegetables (direct deposition)

Yp o,,,,e Yield or standing crop biomass of the edible portion of the plant, for forage 0.0195d (kg DW/m2) Forage (direct deposition)

Yp„to e Yield or standing crop biomass of the edible portion of the plant, for silage 0.8 (kg DW/m) Silage (direct deposition)
VGag Empirical correction factor for aboveground produce with log I{ow > 4 0.01 unitless Produce (air-to-plant transfer)

Empirical correction factor for aboveground produce with log I{,,,, <4 1 unitless Produee (air-to-plant transfer)

VG,„ Empirical correction factor for forage 1 unitless Forage (air-to-planttransfer)

VGa (,;to e Empirical correction factor for silage 0.5 unitless Silage (air-to-plant transfer)

pa Density of air 1200 g/m' All plants (airdo-plant transfer)
VG,oo,ea Empirical correction factor for belowground produce with log K,,,, > 4 - 0.01 unitlcss Belowground produce (root uptake)

Empirical correction factor for belowground produce with log K,,,,, <4 1 unitless Belowground pxoduce (root uptake)

' Parameters taken from Human }Icaltlr Risk Assessment Protocol (HHRAP) (EPA 1998a) unless otherwise noted.

° This column indicates the paranreters that are estimated by the parameter listed in the first column. For example, Fw (fraction of constituent wet deposition that adheres to plant
surfaces) is used to estimate plant concentrations from direct deposition For specific use of these parameters in specific equations for plant modeling, see equations 6-12lhrough 6-26.

`Calculated per HHRAP (EPA 1998a) using default value for Yp„ies, Rp is calculated as I - exp[-(y )(Yp)] =1 - exp[-(0769)(0.8)] = 0.459 where y is the empirical constant and Yp

is the yield for silage.

"Fresh yield value of 1500 kg/Ita reported for Richland, Washington, in Es6maG+lg Gracingland Yieldffom Commonly Available Data (Wisiol 1984) converted to dry yield

assuming 87 % moisture content The calculation is made as follows: (1500 kg/ha fresh yield) '(I he / 10,000 m2) "(I -087)= 0.0195 kg/m2 dry yield.
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Table 6-4 Mass Limited Soil-to-Plant Uptake Factors

Yield Mass-Limited Uptake Factors"

Plant T e (kg/mz) Source Tilledb Untilled` Root Zoned

Aboveground Produce` 2.24 Default value (EPA 1998a 1.45 NA 1.09

Belowground Produce° 0.75 WA Ag. Statistical Service 2001 4.33 NA 3.25

Foragef 0.0195 Value for Richland, WA (Wisiol 1984) NA NA 10000

Sila e8 0.8 Default value (EPA 1998a) 8.13 NA NA

Grain° 0.25
Value for processing sweet corn (WA Ag.

Statistical Service 2001 )
26 NA 19.5

NA Not applicable.

' Calculated as [Soil density (kg/m2) / Plant yield (kg DW/m2)1 x modifying factor.

b Tilled soil is mixed to a depth of 20 cm. Soil density = 260 kg/m2 (1300 kg/m3 x 0.2 m). Tilled soil values are used for plants grown for

ingestion by resident and subsistence farmer receptors, and feed (silage and grain) grown for domestic animals.

Untilled soil is used for direct contact pathways only.

d Root zone is mixed to a depth of 15 cm. Soil density = 195 kg/m2 (1300 kg/m' x 0.15 tn). Root zone values are used for vegetation

ingested by Native Americans and forage for domestic and wild animals.

Modifying factor for produce is 1/2 (for split between above and belowgromid produce) x 1/40 (for operating duration) = 1/80.

f Modifying factor for forage is I.

g Modifying factor for silage and grain is 1/40.
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Figure 6-1 Exposure Grids in Each Concentric Zone
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7 Screening Human Health Risk Assessment

2 The human health risk assessment (HHRA) process includes four fundamental components: ( 1) data
3 evaluation, (2) exposure assessment, ( 3) toxicity assessment, and (4) risk characterization. The data
4 evaluation step is the selection of chemicals of potential concern and radionuclides of potential concern
5 (COPCs and ROPCs) discussed in section 4 of this work plan and the quantification of emissions
6 discussed in section 5. Each of the remaining three components is discussed below:
7
8 • ( xpRsurHassHsp ppt - sfVtiRn 7.1

9 • 7Rxicity assHsp }pt- sl-ptiRn 7.2

10 • 5 isk charactgizatiRn - sfftiRn 7.3

11
12 The Pi RA is designed to identify, early in the process, any potential risks associated with the t TP. The
13 Pi RA has been designed to overestimate potential risks by using conservative exposure assumptions
14 combined with conservative toxicity values. The HHRA is one part of the screening-level risk assessment
15 (Pi RA) that focuses on human health.
16
17 7.1 Exposure Assessment

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Exposure assessment is the process of estimating the magnitude, frequency, duration, and type of
potential exposures to COPCs and ROPCs. This section presents the exposure scenarios and approach for
conducting the quantitative exposure assessment.

A human health conceptual exposure model identifies exposure scenarios that are defined by potentially

exposed populations and exposure pathways. The conceptual exposure model used for this work plan is

shown as cigure 7-1 and was developed from guidance and information obtained from the Human Health

RiskAssessment Protocolfor Hazardous Waste Combustion Facilities (HHRAP) (EPA 1998a), the

Screening Assessment and Reguirements for a Comprehensive Assessment: Columbia River

Comprehensive Impact Assessment (a OE-Ri 1998), A Native American Exposure Scenario (Harris and

Harper 1997), and discussions with the t ashington Ptate a epartment of Ecology (Ecology),

r P Environmental Protection Agency (EPA), and k ative American tribal representatives.

The conceptual exposure model focuses on identifying complete exposure pathways for potentially
exposed populations. An exposure pathway is the means through which an individual may come in
contact with a chemical in the environment. Exposure pathways are determined by:

Environmental conditions (such as location of receptors, vegetative cover, and wind speed and
direction)
The potential for chemical migration through environmental media (such as soil, vegetation, or air)

• i ifestyles and work activities of potentially exposed populations

Although several potential pathways may exist, not all may be complete. c or a pathway to be complete,
all of the following four factors must exist:

• COPC or ROPC release into the environment
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1 • Release and transport mechanism (such as deposition to soil) that moves the COPC or ROPC from
2 the source to other locations

3 • Point of contact for receptors to be exposed to the affected media

4 • Exposure pathway such as breathing vapors or ingesting affected media

5
6 These four factors were considered in the development of the conceptual exposure model. The sources of
7 COPC and ROPC release are the WTP stacks and flues (see section 5). Transport processes, potential
8 points of contact, and complete exposure pathways are identified to formulate exposure scenarios that will
9 be the focus of the quantitative risk assessment. The process of exposure assessment is detailed in the

10 following subsections.
11
12 7.1.1 Characterization of Exposure Setting

13 Characterizing the exposure setting is the first step in identifying potentially exposed populations. This
14 characterization includes identifying the location of human populations within the study area and types of
15 activities that can be expected under current and reasonable potential future land use. The brief site
16 characterization provided in this section is adequate to identify most possible human receptors, especially
17 the most significantly exposed receptors. A more detailed site characterization will be supplied in the
18 pre-demonstration test risk assessment (PRA) to describe all the populations evaluated.
19
20 The study area is defined as the area within a 50 km radius of the WTP. While it is possible for human
21 populations to be exposed beyond this 50 km radius, the concentration of airborne and deposited
22 emissions will be orders of magnitude less than those within the study area, essentially approaching zero.
23 EPA (1998a) reports that at other facilities the most significant deposition of airborne emissions has been
24 observed within a 3 km radius of a source. The Hanford Site boundary extends approximately 9 km to
25 28 km from the WTP. The Columbia River is located approximately 8 km to more than 20 km from the
26 WTP. Therefore, the potential for offsite impacts is expected to be minimal; however, because of the
27 importance of the Columbia River as a potable water and recreational resource, it will be included in the
28 quantitative risk assessment. Currently, no residential receptors are present on the Hanford Site, nor are
29 there likely to be any in the near future (that is, within the next 50 years). Game animals that browse on
30 Hanford Site property and plants that grow on Hanford Site property may be harvested by Native
31 Americans living off site.
32
33 Characterization of the exposure setting includes the following:
34
35 • Characterization of the physical setting, including location of important physical features such as
36 Gable Mountain, surface water bodies, and watersheds

37 • Characterization of potentially exposed populations, including identifying the location and activity
38 patterns of current populations relative to the facility, determining plausible future land use, and
39 identifying subpopulations of poten:ial concern

40
41 Characterization will concentrate on the areas potentially most impacted by emissions, based on the
42 results of the air-dispersion modeling and will include both current and future land use. The exposure
43 assessment will focus on four locations of interest:
44
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I • Onsite ground maximum - location of maximum predicted ground-level concentrations of both
2 airborne and deposited emissions. This location generally represents worst-case human and
3 ecological exposures because very few receptors are expected to be present here.

4 • Hanford offsite maximum - location of maximum predicted ground-level concentrations of both
5 airborne and deposited emissions outside the Hanford Site boundary. This location represents a more
6 plausible location for most human receptors and is an important point of compliance.

7 • Gable Mountain maximum - location of maximum predicted ground-level concentrations of both
8 airborne and deposited emissions at Gable Mountain. This location is included due to its importance
9 to Native American populations in the Oregon-Washington area.

10 • Columbia River maximum - location of maximum predicted ground-level concentrations of both
11 airborne and deposited emissions at the Columbia River. This location is used to evaluate potential
12 risks to aquatic ecological receptors and as a source of potable water for human receptors.

13
14 7.1.2 Identification of Receptor Types

15 EPA ( 1998a) recommends that the following receptor types be evaluated for assessing potential risks
16 from thermal treatment facilities:
17
18 • Resident (adult and child)

19 • Subsistence farmer (adult and child)

20 • Subsistence fisher (adult and child)

21 • Nursing infant -

22 • Acute risk

23
24 The nursing infant scenario is recommended by EPA guidance (EPA 1998a) to address specific concerns
25 regarding exposure to polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzo-p-furans
26 (PCDFs) because these chemicals are known to accumulate in human milk. EPA guidance recommends
27 inclusion of the nursing infant only for PCDDs/PCDFs; however, coplanar polychlorinated biphenyls
28 (PCBs) will also be evaluated for this pathway in the SLRA due to their potential to behave,
29 physiologically, like PCDDs/PCDFs. Because radionuclides are a major component of the waste to be
30 treated at the facility, several ROPCs will also be evaluated for this pathway. The ROPCs strontium (Sr-
31 90), iodine (1-129), and cesium (Cs-134 and Cs-137) will be evaluated for the nursing infant scenario.
32 These radionuclides were selected because they are potentially present in the waste, are judged to have
33 the highest potential for accumulation in milk, and due to their toxicity (CCN 064327). No other COPCs
34 or ROPCs will be evaluated for the nursing infant scenario, because other COPCs and ROPCs have not
35 been shown to accumulate in human milk. Nursing infant exposure will be evaluated based on intakes for
36 the Hanford Site industrial worker, resident adult, resident subsistence farmer adult, and Native American
37 subsistence resident adult.
38
39 Special subpopulations are defined as human receptors or segments of the population that potentially may
40 be at higher risk due to receptor sensitivity to COPCs and ROPCs or due to unique lifestyle activities. To
41 address potentially sensitive subpopulations, the following additional exposure scenarios will be
42 evaluated:
43
44 • Hanford Site industrial worker

45 • Native American subsistence resident
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2 Workers employed at the WTP will not be included in the risk assessment because other regulations exist
3 for occupational exposures within the WTP boundary (for example, DOE standards for occupational
4 slfeWDid heEM. However, Eeclyse of We WT3's ®cljNin wi)Mn We HDRford SiW, We c®sesV&d p osW
5 likely receptors are other e anford Site workers located outside the WTP boundary. Therefore, the
S e anford Site industrial worker scenario will be included in the risk assessment.
T
8 Native American tribes (Nez Perce Tribe, v akama fndian Nation, and Confederated Tribes of the
9 8 plj^W ndiDi 5 eservoMn [CT8 '5 ]) ceded We (bid curren* occusied Ey We 8 S govemp en)M

10 e anford Site. e owever, these tribes retained the rights to the use of resources on this land.
11 0 epresentatives of these tribes have expressed a desire to be able to use this land to conduct a traditional
12 lifestyle. A wide range of possible Native American activities related to traditional lifestyles exists. The
13 Native American scenario will address a variety of potential exposures associated with food gathering
14 (including hunting, fishing, and Native American plant gathering), as well as cultural and social activities
15 (for example, use of a sweat lodge).
is
1 T The exposure scenarios included in the quantitative risk assessment are designed to cover a wide range of
18 possible receptor activities, age groups, and lifestyles. These receptors represent the most highly exposed
19 populations that could work or live near the e anford Site, including adult workers, adult and child
20 residents and farmers, and Native Americans living a traditional lifestyle. The exposure assessment and
21 risk characterization results for the selected receptors are designed to be protective of other populations
22 and special subpopulations of interest. C or example, the resident child receptor provides a bounding
23 estimate for other child activities such as children attending school or daycare. This scenario assumes a
24 high level of potential exposure (for example, the resident child is present Tdays per week, 24 hours per
25 day and ingests homegrown produce) at the location of maximum contaminant concentration. e ence,
2S risk-management decisions based on these conservative assumptions will be protective of other child
2T populations (for example, at a school or daycare center where exposure would be less because a child may
28 be present 5 days per week for less than 12 hours per day). Other possible special subpopulations are
29 being evaluated by identifying their locations and determining whether they are located in areas that are
30 potentially at risk from WTP emissions. c igure T-2 provides a map showing (1) the location of the WTP,
31 (2) the locations of potential receptor populations (such as cities), and (3) locations of potentially sensitive
32 subpopulations (such as daycare centers and preschools, schools, hospitals, and nursing homes).
33
34 7.1.3 Description of Exposure Scenarios

35 Exposure scenarios to be addressed by the risk assessment are described in more detail below and
3S summarized in Table T-1. Exposure scenarios are defined for current and future land-use conditions. c or
3T the Si o A, current and future are defined as follows.
38
39 Current Land Use. c or this work plan., current is defined as the 40-year operating lifetime of the WTP
40 beginning in approximately 2008. This period corresponds approximately to the period addressed by the
41 Final Hanford Comprehensive Land-Use Plan (CL UP) Environmental Impact Statement (DOE 1999a) of
42 at least 50 years from publication of the o ecord of Decision (0 OD) (DOE 1999b), that is, 1999 through
43 2049.
44
45 Current land use within the 50 km study area is characterized based on aerial photographs, zoning maps,
4S land development plans, and information presented in the Ci r P and the following additional documents W
4T
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I • Record ofDecision (ROD): Hanford Comprehensive Land-Use Plan Environmental Impact Statement

2 (DOE 1999b)

3 • The Futurefor Hanford. Uses and Cleanup (DOE 1992)

4

5 Figure 7-3 shows existing land use within the study area as of 1996 (DOE 1999a). Figure 7-4 shows
6 current (that is, over approximately the next 40 years) land use on the Hanford Site as defined by the
7 CLUP. Representatives of the Nez Perce Tribe, Yakama Indian Nation, and CTUIR are also being
8 consulted in evaluating current land use in the study area.

10 Future Land Use. For this work plan, future exposure scenarios begin after WTP shutdown (following
11 40 years of operation). For example, the future resident subsistence farmer is assumed to be exposed
12 from year 40 to year 80.
13
14 Plausible future land use is characterized based on information presented in the documents listed above.
15 Representatives of the Nez Perce Tribe, Yakama Indian Nation, and CTUIR are also being consulted in
16 evaluating future land use in the study area.
17
18 In addition to the information in DOE 1999b and DOE 1992, DOE has indicated that:
19
20 • The 200 Areas ( a.k.a. Central Plateau) will remain industrial past the 50-year timeframe of the CLUP
21 because mixed waste has been, and will continue to be, buried there as a result of remedial activities
22 at the rest of the Hanford Site.

23 • There will not be any onsite residential development (within the Hanford site boundary) in the
24 foreseeable future

25
26 Both current and future land-use assumptions must also consider the newly created Hanford Reach
27 National Monument, which includes the Saddle Mountain National Wildlife Refuge north of the
28 Columbia River and the Arid Lands Ecology Reserve in the western portion of the Hanford Site.
29
30 Within these timeframes, exposure scenarios may be classified as being either plausible or worst case as
31 defined below.
32
33 Plausible expos,ure scenarios represent receptors that currently exist, or may reasonably be expected to
34 exist in the future, at a given location. For example, workers are currently present in the 200 Areas;
35 therefore, the Hanford Site industrial worker is a current plausible exposure scenario at that location. This
36 does not mean that the exposure scenario as described here (a worker present at the point of maximum
37 emissions concentration, 8 hours per day, 250 days per year, for 20 years) portrays actual current workers,

38 but rather, that this type of receptor (onsite worker) is plausible at that location.
39
40 Worst-case exposure scenarios represent receptors that are not reasonably expected to exist now or in the
41 future at the specified location. For example, a resident subsistence farmer will be evaluated as a future
42 worst-case receptor at the point of maximum emissions concentrations ( likely at the 200 Areas), but it is
43 unlikely that ( 1) residential development will ever occur in this location, or (2) such a receptor (a totally
44 self-sustaining farmer) will ever exist at this location.
45
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7.1.3.1 Hanford Site Industrial Worker

General Description

This receptor is an adult worker employed near the WTP and living offsite. Workers employed at the
WTP will not be included in the risk assessment because other regulations exist for occupational
exposures within the WTP boundary (such as DOE standards for occupational safety and health). The
Hanford Site industrial worker will be evaluated using occupational exposure assumptions primarily from
DOE-RL 1995 and residential exposure assumptions primarily from EPA (1998a, 2003a, CCN 063810,
CCN 063807, CCN 063805, CCN 064331, CCN 063806, CCN 063816), as described in section 7.1.6.

10 Exposure Pathways

i 1 The Hanford Site industrial worker is exposed on site (during work hours) through inhalation of
12 emissions, ingestion of soil, inhalation of resuspended soil, ingestion of drinking water, and external
13 exposure to radionuclides in air and soil. This worker is also assumed to be exposed while at home
14 through these same pathways and through ingestion of homegrown produce.
15
16 Current Exposure Location

17 This receptor is assumed to work at the onsite ground maximum. The onsite ground maximum location is
18 a 100 in by 100 in area (defined in section 6.1) represented by the point or points predicted to have the
19 highest concentration of airborne and deposited emissions. This receptor is assumed to live at the
20 Hanford offsite maximum. This offsite location is a 500 in by 500 in area represented by the single grid
21 point predicted to have the highest concentration of airborne and deposited emissions. The Hanford Site
22 industrial worker is assumed to obtain drinking water from the Columbia River maximum. Current
23 exposure of a Hanford Site industrial worker is considered a plausible scenario since workers are present
24 in this area and may live off site.
25
26 Future Exposure Location

27 The current and future exposure locations for the Hanford Site industrial worker are the same. Future
28 exposure of a Hanford Site industrial worker is also considered a plausible scenario because workers are
29 present and are expected to continue to be present in this area. A future scenario with the Hanford Site
30 industrial worker living at the onsite ground maximum is not evaluated because that location cannot be
31 industrial and residential at the same time.
32

33 7.1.3.2 Nursing Infant of Hanford Site Industrial Worker

34 General Description

35 The nursing infant of the Hanford Site industrial worker is the infant of the worker described above.
36
37 Exposure Pathways

38 The nursing infant of the Hanford Site industrial worker is assumed to be exposed to PCDDs/PCDFs,
39 PCBs, and four ROPCs through ingestion of breast milk from the worker exposed through:
40
41 • Inhalation of emissions, ingestion ofsoil, inhalation of resuspended soil, ingestion of drinking water,
42 and external exposure to radionuclides in air and soil while at work

43 • Inhalation of emissions, ingestion of soil, inhalation of resuspended soil, ingestion of drinking water,
44 external exposure to radionuclides in air and soil, and ingestion of homegrown produce while at home
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2 Current Exposure Location

3 The nursing infant of the Hanford Site industrial worker is assumed to reside with the worker described
4 above at the Hanford offsite maximum point or points. Current exposure of a nursing infant of the
5 Hanford Site industrial worker is considered a plausible scenario since workers are present in this area
6 and may live (be a resident) off site.
7

8 Future Exposure Location

9 The current and future exposure locations for the nursing infant of the Hanford Site industrial worker are
10 the same because if the onsite ground maximum remains industrial (that is, a worker is there), then this
11 area is not residential. Future exposure of a Hanford Site industrial worker is also considered a plausible
12 scenario since workers are present and are expected to continue to be present in this area.
13
14 7.1.3.3 Resident

15 General Description

16 The resident is assumed to live, work, and play at a single location and, thus, is assumed to be home
17 24 hours per day, 350 days per year, with 2 weeks per year on vacation or otherwise away from the home.
18 This receptor is assumed to have a garden that supplies fruit and vegetables. Both an adult and a child
19 resident will be evaluated using EPA default (1 998a) and other EPA-recommended (CCN 063810, CCN
20 063807, CCN 063805, CCN 063806) exposure assumptions described in section 7.1.6.
21
22 Exposure Pathways

23 The resident (adult and child) is assumed to be exposed through direct inhalation of airborne emissions,
24 ingestion of soil, inhalation of resuspended soil, ingestion of drinking water, external exposure to
25 radionuclides in air and soil, and ingestion of homegrown produce.
26
27 Current Exposure Location

28 The closest resident at the time of this work plan (2003) is located more than 20 km from the WTP.
29 However, in this work plan, current is defined as the 40-year operating lifetime of the WTP (beginning in
30 approximately 2008). Therefore, it is assumed that a current resident may be located at the Hanford
31 offsite maximum sometime during this 40-year period. This offsite location is a 500 m by 500 m area
32 represented by the single grid point or points predicted to have the highest concentration of airborne and
33 deposited emissions. The resident is assumed to obtain drinking water from the point of maximum
34 concentration in the Columbia River. Current exposure of a resident at the Hanford offsite maximum is
35 considered a plausible scenario since residents are present outside the site boundary and residential
36 development could occur at the offsite maximum point or points within the next 40 years.
37
38 Future Exposure Location

39 Residential development is assumed to occur at the onsite ground maximum sometime in the future. This
40 location is a 100 m by 100 m area (defined by the air dispersion modeling grid) represented by the grid
41 point or points predicted to have the highest concentration of airborne and deposited emissions. The
42 resident is assumed to obtain drinking water from the point of maximum concentration in the Columbia
43 River. Future exposure of a resident at the onsite ground maximum is considered a worst-case scenario
44 because future development at this location is unlikely due to the presence of other industrial and mixed
45 waste operations in the 200 Areas.
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2 7.1.3.4 Nursing Infant of Resident

3 General Description

4 The nursing infant of the resident is the infant of the adult resident described above.
5
6 Exposure Pathways

7 The nursing infant of the resident is assumed to be exposed to PCDDs/PCDFs, PCBs, and four ROPCs
8 through ingestion of breast milk from the adult resident exposed through inhalation of emissions,
9 ingestion of soil, inhalation of resuspended soil, ingestion of drinking water, and ingestion of homegrown

10 produce.
11
12 Current Exposure Location

13 The nursing infant of the resident is assumed to reside with the resident described above at the Hanford
14 offsite maximum point or points. Current exposure of a nursing infant of the resident at the Hanford
15 offsite maximum is considered a plausible scenario since residents are present outside the site boundary
16 and residential development could occur at the offsite maximum point or points within the next 40 years.
17
18 Future Exposure Location

19 The nursing infant of the resident is assumed to reside with the resident'described above at the onsite
20 ground maximum sometime in the future. Future exposure of a nursing infant of a resident at the onsite
21 ground maximum is considered a worst-case scenario because future development at this location is
22 unlikely due to the presence of other industrial and hazardous waste operations in the 200 Areas.
23
24 7.1.3.5 Resident Subsistence Farmer

25 General Description

26 The resident subsistence farmer is assumed to live, work, and play at a single location (that is, the resident
27 farmer is assumed to be at home 24 hours per day, 350 days per year, with 2 weeks per year on vacation
28 or otherwise away from the home). This receptor is assumed to maintain a farm that supplies his or her
29 produce (fruit and vegetable), meat (beef, pork, and poultry), dairy products, and eggs. Both an adult and
30 a child resident subsistence farmer will be evaluated using EPA default (1998a) and other
31 EPA-recommended (CCN 063807, CCN 064331, CCN 063806, CCN 063804) exposure assumptions
32 described in section 7.1.6.
33
34 Exposure Pathways

35 The resident subsistence farmer (adult and child) is assumed to be exposed through inhalation of
36 emissions, ingestion of soil, inhalation of resuspended soil, ingestion of drinking water, external exposure
37 to radionuclides in air and soil, and ingestion of homegrown produce, beef, pork, poultry, dairy products,
38 and eggs.
39
40 Current Exposure Location

41 The closest resident at the time of this work plan (2003) is located more than 20 km from the WTP.
42 However, in this work plan, current is defined as the 40-year operating lifetime of the WTP (beginning in
43 approximately 2008). Therefore, it is assumed that a current resident subsistence farmer may be located
44 at the Hanford offsite maximum. This offsite location is a 500 in by 500 in area represented by the single
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I grid point-predicted to have the highest concentration of airborne and deposited emissions. The resident
2 subsistence farmer is assumed to obtain drinking water from the point of maximum concentration in the
3 Columbia River. Current exposure of a resident subsistence farmer at the Hanford offsite maximum is
4 considered a worst-case scenario because, while resident farmers may be present outside the site
5 boundary, the defined exposure scenario (that is, a farmer producing his or her own food, as described in
6 section 7.1.6.2, within a 500 in by 500 in area) is unlikely.
7
8 Future Exposure Location

9 Residential development is assumed to occur at the onsite ground maximum location sometime in the
10 future. This location is a 100 in by 100 in area (defined by the CALPUFF air dispersion modeling grid)
11 represented by the single grid point-predicted to have the highest concentration of airborne and deposited
12 emissions. The resident subsistence farmer is assumed to obtain drinking water from the point of
13 maximum concentration in the Columbia River. Future exposure of a resident subsistence farmer at the
14 onsite ground maximum is considered a worst-case scenario because future development at this location
15 is unlikely due to the presence of other industrial and hazardous waste operations in the 200 Areas and
16 because the defined exposure scenario (that is, a farmer producing his or her own food, as described in

17 section 7.1.6.2, within a 100 in by 100 in area) is considered unlikely.
18
19 7.1.3.6 Nursing Infant of Resident Subsistence Farmer

20 General Description

21 The nursing infant of the resident subsistence farmer is the infant of the adult resident subsistence farmer
22 described above.
23
24 Exposure Pathways

25 The nursing infant of the resident subsistence farmer is assumed to be exposed to PCDDs/PCDFs, PCBs,
26 and four ROPCs through ingestion of breast milk from the adult resident subsistence farmer exposed
27 through inhalation of emissions, ingestion of soil, inhalation of resuspended soil, ingestion of drinking
28 water, and ingestion of homegrown produce, beef, pork, poultry, dairy products, and eggs.
29
30 Current Exposure Location

31 The nursing infant of the resident subsistence farmer is assumed to reside with the resident subsistence
32 farmer described above at the Hanford offsite maximum point or points. Current exposure of a nursing

33 infant of the resident subsistence farmer at the Hanford offsite maximum is considered a worst-case
34 scenario because, while resident farmers may be present outside the site boundary, the defined exposure

35 scenario (that is, an infant nursed for one year by a farmer producing her own food at a single grid node)
36 is unlikely.
37
38 Future Exposure Location

39 The nursing infant of the resident subsistence farmer is assumed to reside with the resident subsistence
40 farmer described above at the onsite ground maximum sometime in the future. Future exposure of a
41 nursing infant of a resident at the onsite ground maximum is considered a worst-case scenario because
42 future development at this location is unlikely due to the presence of other industrial and hazardous waste
43 operations in the 200 Areas and because the defined exposure scenario (that is, an infant nursed for one
44 year by a farmer producing his or her own food within a small home area) is worst-case.
45

Page 7-9



24590-WTP-RPi-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

7.1.3.7 Resident Subsistence Fisher

General Description

The resident subsistence fisher scenario is the same as the resident scenario with the addition of fish
ingestion. This receptor is assumed to live, work, and play at a single location (that is, the resident is
assumed to be at home 24 hours per day, 350 days per year, with 2 weeks per year on vacation or
otherwise away from the home). This receptor is assumed to have a garden that supplies fruit and
vegetables and to obtain fish from the Columbia River. Both an adult and a child resident subsistence
fisher will be evaluated using the EPA default (1998a) and other EPA-recommended (CCN 063810,
CCN 063807, CCN 063805, CCN 063806) exposure assumptions described in section 7.1.6.

10
1] Exposure Pathways

12 The resident subsistence fisher (adult and child) is assumed to be exposed through inhalation of
13 emissions, ingestion of soil, inhalation of resuspended soil, ingestion of drinking water, external exposure
14 to radionuclides in air and soil, ingestion of homegrown produce, and ingestion of locally caught fish.
15
16 Current Exposure Location

17 The closest resident at the time of this work plan (2003) is located more than 20 km from the WTP.
18 However, for this risk assessment work plan (RAWP), current is defined as the 40-year operating lifetime
19 of the WTP (beginning in approximately 2008). Therefore, it is assumed that a current resident
20 subsistence fisher may be located at the Hanford offsite maximum point or points sometime during this
21 40-year period. This offsite location is a 500 in by 500 in area represented by the single grid point
22 predicted to have the highest concentration of airborne and deposited emissions. The resident subsistence
23 fisher is assumed to obtain drinking water and fish from the point of maximum concentration in the
24 Columbia River. Current exposure of a resident subsistence fisher at the Hanford offsite maximum is
25 considered a worst-case scenario because, while residents might be present outside the site boundary and
26 fish the Columbia River, the defined exposure scenario (that is, a fisher growing fruit and vegetables and
27 ingesting locally caught fish every day) is unlikely.
28
29 Future Exposure Location

30 Residential development is assumed to occur at the onsite ground maximum sometime in the future. This
31 location is a 100 in by 100 in area (defined in section 6.1) represented by the single grid point predicted to
32 have the highest concentration of airborne and deposited emissions (excluding the 200 Areas, which will
33 remain industrial due to buried waste). The resident subsistence fisher is assumed to obtain drinking
34 water and fish from the point of maximum concentration in the Columbia River. Future exposure of a
35 resident subsistence fisher at the onsite ground maximum is considered a worst-case scenario because
36 future development at this location is unlikely due to the presence of other industrial and hazardous waste
37 operations in the 200 Areas and because the defined exposure scenario is unlikely in any location.
38
39 7.1.3.8 Native American Subsistence Resident

40 General Description

41 The Native American subsistence resident is assumed to live a traditional subsistence lifestyle. The
42 traditional lifestyles of the Nez Perce, YakamaTndian Nation, and Confederated Tribes of the Umatilla
43 Indian Reservation (CTUIR) were historically based on a seasonal cycle of travel among hunting, plant
44 gathering, and fishing areas. The most common foods were salmon, roots (including camas bulb,
45 bitterroot, wild carrot, and wild potato), berries (including service berries, gooseberries, huckleberries,
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chokecherries, and wild strawberries), deer, and elk. Each of these foods was collected in different
locations during different seasons. The seasonal cycle of food gathering encompassed a large area
including the lowlands along the Columbia River and its tributaries, foothills and prairies, and higher
mountainous areas. Presently, tribal members may hunt in areas such as the North Slope (a.k.a. Saddle
Mountain National Wildlife Refuge, north of the Columbia River), fish near the Vernita bridge (where the
Columbia River enters the western boundary of the Hanford Site), and occasionally gather food at sites
such as the McGee Ranch (south of the Columbia River at the westem boundary of the Hanford Site).
Members of the three tribes potentially impacted at Hanford would be individuals pursuing a traditional
lifestyle. The traditional lifestyle of these three tribes is heavily dependent on fish (primarily salmon) in
addition to game and plants; therefore, a separate hunter/gatherer and fisher would not exist. A more
realistic receptor is a combination hunter/gatherer/fisher.

The Native American subsistence resident is assumed to hunt and fish to supply his or her meat (game
and wildfowl), egg (from wildfowl), and fish needs, and to gather native plants to supply his or her plant
(fruit and vegetable) needs. Both an adult and a child Native American subsistence resident will be
evaluated using exposure assumptions from A Native American Exposure Scenario (Harris and Harper
1997), EPA Region 10 (CCN 063810, CCN 063824, CCN 063805, CCN 064331, CCN 063806), and the
CTUIR (CCN 064333) provided in section 7.1.6.

Exposure Pathways

The Native American subsistence resident (adult and child) is assumed to be exposed through inhalation
of emissions; ingestion of soil; inhalation of resuspended soil; ingestion of drinking water; external
exposure to radionuclides in air and soil; and ingestion of wild plants, game, wildfowl, fish, and wildfowl
eggs. In addition to these pathways, the Native American subsistence resident adult is also assumed to be
exposed through inhalation and dermal exposure to resuspended constituents from water in a sweat lodge.

Current Exposure Location

The Native American subsistence resident is assumed to live off site at the Hanford offsite maximum,
visit the Gable Mountain maximum for ceremonial activities, consume fish from the Columbia River
maximum, and consume wild game, wildfowl, wildfowl eggs, and plants harvested on site. The Native
American subsistence resident is also assumed to obtain drinking water and water for use in a traditional
sweat lodge from the Columbia River maximum. The locations for each of these activities are described
in more detail below.

Current Residential Location. The Native American subsistence resident is assumed to live off site at
the Hanford offsite maximum. This offsite location is a 500 to by 500 in area represented by a single grid
point predicted to have the highest concentration of airborne and deposited emissions.

Hunting and Gathering Location. The Native American subsistence resident is assumed to consume
food (wild game, wildfowl, wildfowl eggs, and wild plants) harvested on site. The hunting and gathering
areas for the Native American subsistence resident are based on the following assumptions:

• The various types of plants eaten or used for ceremonial or medicinal purposes arecollected from a
variety of habitats (such as river corridor, foothills and mountains, meadow, and shrub-steppe). The
exact collecting locations and types of plants collected are unknown; however, it is known that Gable
Mountain is important for ceremonial activities, and plants are collected approximately once per year
at the McGee Ranch west of the 200 Areas.

Page 7-11



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

1 • While onsite hunting is currently limited to the area north of the Columbia River, deer and other game
2 may browse anywhere on site.

3 • The home range of deer at Hanford is located primarily along the riparian corridor of the Columbia
4 River.

5 • The traditional subsistence lifestyle is a communal lifestyle; therefore, the hunting and gathering area
6 must support more than a single individual or even a single family.

7 • A conservative scenario should include the locations of maximum emissions concentrations (ground
8 maximum), and the locations of maximum emissions concentrations where it is known that some
9 important activities occur (Gable Mountain maximum, Columbia River maximum).

10
11 To meet these needs, two hunting/gathering areas have been identified. The first hunting/gathering area
12 (shown in Figure 7-5) includes the Hanford Reach National Monument and Gable Mountain. This area
13 includes the portions of the Hanford Site most likely to be used by game animals and most likely to be
14 used by Native Americans for collecting wild plants. The second hunting/gathering area (shown in
15 Figure 7-5) includes the entire Hanford'Site excluding the 200 Area industrial zones. Like the first
16 hunting/gathering area, this second area includes the riparian zones along the Columbia River, where
17 game animals and important wild plants are likely to be present, and Gable Mountain. This second area
18 also includes the area of maximum contaminant concentrations near the WTP (that is, the onsite ground
19 maximum). This second hunting/gathering area is intended to provide a more conservative estimate of
20 potential exposure and risk by including the area where concentrations are at their maximum but food
21 gathering activities are not likely to occur.
22
23 Ceremonial Location. The Native American subsistence resident is assumed to visit the Gable Mountain
24 maximum location to conduct ceremonial activities. This onsite location is a 500 in by 500 in area
25 represented by the single grid point predicted to have the highest concentration of airborne and deposited
26 emissions at Gable Mountain.
27

28 Surface Water Location. The Native American subsistence resident is assumed to obtain fish, drinking
29 water, and water for the sweat lodge from the Columbia River maximum.
30
31 This approach is conservative because it includes the points of maximum concentration, expected to be
32 located east of the 200 East Area, as wel I as the areas west and north of the 200 East Area where actual
33 hunting, gathering, and fishing activities currently occur.
34
35 Current exposure of a Native American subsistence resident is considered a plausible scenario since
36 (1) residents are present outside the site boundary and development could occur at the offsite maximum
37 point or points, and (2) Native American people are presently allowed to access the Hanford Site.
38 However, this access is limited to individuals with security badges, and then only for limited purposes,
39 such as religious purposes or to gather foods (approximately once per year) for ceremonies.
40
41 Future Exposure Location

42 The Native American subsistence resident is assumed to live on site at the onsite ground maximum
43 location, consume fish from the Columbia River maximum, and consume wild game, wildfowl, wildfowl
44 eggs, and wild plants harvested onsite. The Native American subsistence resident is also assumed to
45 obtain drinking water and water for use in a traditional sweat lodge from the Columbia River maximum.
46 The future hunting and gathering areas are defined as described above and shown in Figure 7-5 (that is,
47 [1] the Hanford Reach National Monument and Gable Mountain, and [2] the entire Hanford Site). Future
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exposure of a Native American subsistence resident is considered a worst-case scenario because future
development at this location is unlikely due to the presence of other industrial and mixed waste operations
in the 200 Areas.

Because the location of sacred sites is confidential within the tribes, representatives of the three tribes will
be consulted during the risk assessment process to discuss potential impacts to sacred sites.

8 7.1.3.9 Nursing Infant of Native American Subsistence Resident

9 General Description

10 The nursing infant of the Native American subsistence resident is the infant of the adult Native American
11 subsistence resident described above.
12
13 Exposure Pathways

14 The nursing infant of the Native American subsistence resident is assumed to be exposed to
15 PCDDs/PCDFs, coplanar PCBs, and four ROPCs through ingestion of breast milk from the adult Native
16 American subsistence resident exposed through inhalation of emissions; ingestion of soil; inhalation of
17 resuspended soil; ingestion of drinking water; and ingestion of wild plants, wild game, wildfowl and
18 wildfowl eggs, and fish.
19
20 Current Exposure Location

21 The nursing infant of the Native American subsistence resident is assumed to reside with the Native
22 American subsistence resident described above at the Hanford offsite maximum point or points. Current
23 exposure of a nursing infant of the Native American subsistence resident at the Hanford offsite maximum
24 is considered a plausible scenario because residents are present outside the Hanford site boundary and
25 development could occur at the offsite maximum point or points within the next 40 years.
26
27 Future Exposure Location

28 The nursing infant of the Native American subsistence resident is assumed to reside with the Native
29 American subsistence resident described above at the onsite ground maximum sometime in the future.
30 Future exposure of a nursing infant of a Native American subsistence resident at the onsite ground
31 maximum is considered a worst-case scenario because future development at this location is unlikely due
32 to the presence of other industrial and mixed waste operations in the 200 Areas.
33
34 7.1.3.10 Acute Exposure

35 EPA (1998a) recommends evaluating potential acute exposures in addition to the chronic exposures

36 evaluated by previously described exposure scenarios. The acute exposure scenario includes direct
37 inhalation of airborne COPC and ROPC emissions and exposure to external radiation from airborne
38 ROPC emissions at the estimated maximum one-hour concentration. The receptor for the acute exposure
39 scenario is located at the point of maximum one-hour concentration and is independent of land use.
40 Because the acute exposure scenario is based on the maximum-modeled concentration and assumes that a
41 receptor will be present at the location of that maximum during the hour in which it occurs, this is
42 considered a worst-case scenario.
43
44 This acute scenario is designed to evaluate the worst-case air concentration resulting from normal
45 emissions combined with short-term meteorological conditions that result in higher than normal air
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concentrations. The acute scenario is not an accident (for example, fire, explosion) scenario. Accident
scenarios are evaluated in separate documents to support nuclear licensing requirements.

7.1.4 Exposure Pathways

Exposure pathways to be evaluated for each of these exposure scenarios are summarized in Table 7-1 and
the conceptual exposure model (Figure 7-1). Both direct exposure to emissions and indirect exposure to
other media (such as soil and food) contaminated by emissions will be evaluated. Direct exposure
pathways to be included in the quantitative risk assessment are as follows:

• COPCs and ROPCs

- Direct inhalation of emissions

• ROPCs only

- External exposure to radionuclides in air

Indirect exposure pathways to be included in the quantitative risk assessment are as follows:

• COPCs and ROPCs

- Ingestion of soil

- Inhalation of resuspended soil

- Ingestion of homegrown or wild. gathered produce

- Ingestion of homegrown beef, milk, chicken, eggs, and pork

- Ingestion of wild game, wildfowl, and wildfowl eggs

- Ingestion of drinking water

- Ingestion of fish

- Inhalation of vapors and suspended particulates in sweat lodge

- Dermal absorption in the sweat ilodge

• ROPCs only

- External exposure to radionuclides in soil

• PCDDs/PCDFs, PCBs, and selected ROPCs (Sr-90, I-129, Cs-134, and Cs-137) only

- Ingestion of breast milk

External radiation exposure will be quantitatively evaluated for radionuclides in air and soil. External
radiation exposure is not expected to be significant for surface water because of the following.

• Distance from the WTP to the Columbia River will result in extremely low concentrations of ROPCs
through deposition.

• ROPC concentrations in air near the WTP and in soil following deposition and accumulation will far
exceed surface water concentrations.

• Exposure to air and soil is continuous, while potential exposure to surface water is intermittent.
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Therefore, external radiation exposure will not be evaluated for surface water because the distance from
the WTP to the Columbia River will result in extremely low concentrations of ROPCs through deposition
compared with other media.

EPA (1998a) has identified three exposure pathways that are generally insignificant contributors to risk at
thermal treatment facilities; they are as follows:

8 • Groundwater pathways

9 • Resuspended dust

10 • Dermal contact

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32
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34
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37

38

39

40

41
42
43
44
45
46
47

Groundwater pathways are generally not significant contributors to risk from airborne emissions because
exposure concentrations in groundwater following air dispersion, deposition, leaching, and groundwater
dispersion are much less than concentrations in air, soil, and other media. Conditions at the Hanford Site
(that is, low precipitation) will make the contribution to groundwater even less than at other sites.
Therefore, exposure to groundwater will not be included in the quantitative risk assessment. However,
surface water concentrations will be used to evaluate the ingestion of drinking water, as well as inhalation
and dermal absorption for the Native American sweat lodge scenario.

Inhalation of resuspended dust can be an important exposure pathway at contaminated sites where the
contaminant source is at the surface or in the soil, as explained in the air dispersion modeling section (6)
of this work plan. At these sites, dust resuspension generally represents the only source of inhalation
exposure (unless significant volatiles are present). At sites such as the VJTP where the source of COPCs
and ROPCs is airborne emissions, direct, continuous inhalation of these emissions is a much more
important exposure pathway than periodic inhalation of fugitive dust. Although it is considered generally
insignificant at most sites, because of the dry, dusty conditions at the Hanford Site, inhalation of
resuspended dust will be included in the SLRA (CCN 064332).

Dermal exposure pathways (to soil, surface water, or air) will not be included in the SLRA with the
exception of the Native American sweat lodge scenario. This is a non-conservative assumption (that is, it
will underestimate exposure to contaminants in soil, surface water, and air), because dermal contact will
occur. However, dermal exposure pathways have been identified as insignificant contributors to risk in
numerous risk assessments prepared or reviewed, or both, by EPA for airborne emissions from thermal
treatment facilities (that is, the amount that exposure that is underestimated due to excluding this pathway
is insignificant). If initial PRA results indicate that the soil ingestion pathway results in risks that are
borderline for any plausible receptor, then the dermal exposure pathway may be included in the PRA. A
discussion of the potential impact associated with exclusion of this minor pathway from the quantitative
risk assessment will be included in the uncertainty assessment of the PRA.

7.1.5 Quantification of Exposure

The following subsections provide the equations that will be used to quantify intake (or dose) for each
COPC and ROPC. The equations used to quantify exposures to COPCs and ROPCs differ slightly.
Estimates of COPC intake will be quantified as the lifetime average daily dose (LADD) and average daily
dose (ADD) in units of mg/kg-day. The LADD defines a dose level that is distributed (averaged) over an
entire lifetime. Unlike the LADD, the ADD is averaged over a specific incremental exposure period
rather than an entire lifetime. Estimates of ROPC intake will be quantified as a total intake in units of
picocuries (pCi).
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The equations that will be used to quantify each of the exposure pathways are based on those presented in
Appendix C of EPA 1998a; these equations are subject to change as the guidance is modified. Exposure
point concentrations (EPCs) of each exposure medium (such as air and soil) will be calculated as
described in sections 6 and 7.1.7 of this RAWP. EPCs for COPCs have units of mass per mass (mg/kg
for soil, sediment, and food) and mass per volume (mgJL for surface water and µg/m3 for air). EPCs for
ROPCs have units of activity per mass (pCi/g for soil and food) and activity per volume (pCi/L for
surface water and pCi/m3 for air). Receptor-specific exposure parameters (such as exposure frequency
and duration) are summarized in tables 7-2 (Hanford Site industrial worker), 7-3 (resident, resident
subsistence farmer, resident subsistence fisher), and 7-4 (Native American subsistence resident). The
equations provided in the following subsections, along with the source of the EPCs and exposure
parameters that will be used in these equations, are summarized below:

Source of Location of
Exposure Point Receptor-Specific

Exposure Medium and Pathway Equation Concentrations Exposure Parameters

Air (Section 7.1.5.1)

Inhalation of emissions 7-1 Section 6.1 Tables 7-2, 7-3, 7-4

External exposure to ROPCs in 7-2 Section 6.1 Tables 7-2, 7-3, 7-4
air

Soil (Section 7.1.5.2)

Incidental ingestion 7-3 Equations 6-1 and Tables 7-2, 7-3, 7-4
6-3

Inhalation of resuspended dust 7-4 Equation 7-4 Tables 7-2, 7-3, 7-4

External exposure to ROPCs in 7-5 Equations 6-1 and Tables 7-2, 7-3, 7-4
soil 6-3

Foodstuffs (Section 7.1.5.3)

Ingestion of produce and wild 7-6 Equations 6-12 Tables 7-2, 7-3, 7-4
plants through 6-24

Ingestion of beef, pork, chicken, 7-7 Equations 7-13 Tables 7-3, 7-4
wild game, wildfowl, milk, and through 7-20
eggs

Ingestion of fish 7-8 Equations 7-23 Tables 7-3, 7-4
through 7-25

Surface Water (Section 7.1.5.4)

Drinking water ingestion 7-9 Equation 6-9 Tables 7-2, 7-3, 7-4

Native American Sweat Lodge (Section 7.1.5.5)

Inhalation in sweat lodge 7-10 Equation 6-9 Table 7-4

Dermal exposure in sweat lodge 7-11 Equation 6-9 Table 7-4

14
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1 7.1.5.1 Direct Exposure to Air
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Direct exposure to air includes inhalation of vapor and particulate emissions (Eq. 7-1) and external
exposure to ionizing radiation in air (Eq. 7-2).

Direct Inhalation

Equation 7-1 will be used to calculate the inhalation of vapor phase and particulate emissions.

COPCs: L,,,h =
Ca -IR -ET -EF -ED -CF

BW•AT•CFZ

ROPCs: I;.h =Ca•IR•ET EF- ED

where:

(Eq. 7-1 a)

(Eq. 7-1 b)

I;,,h = intake of COPCs or ROPCs through inhalation of emissions (mg/kg-day or pCi)

Ca = concentration of COPC or ROPC in air (µg/m3 or pCi/m') calculated as described in
section 6.1

IR = inhalation rate (m3/hr)

ET = exposure time (hr/day)

EF = exposure frequency (day/yr)

ED = exposure duration (yr)

CFr = units conversion factor of 0.001 (mg/µg)

BW = body weight (kg)

AT = averaging time for carcinogens (ATc.) or noncarcinogens (ATN) (yr)

CF2 = units conversion factor of 365 (day/yr)

External Exposure in Air

Equation 7-2 will be used to calculate the external exposure to ionizing gamma radiation in air from
ROPCs.

ROPCs: I;,a = Ca - EF - ED - CF, - AF - CFZ

where:

(Eq. 7-2)

l;,a = external exposure to gamma radiation from ROPCs in air (Bq-sec/m3)

Ca = average air concentration of ROPC (pCi/m3) calculated as described in section 6.1

EF = exposure frequency (day/yr)

ED = exposure duration (yr)

CF1 = units conversion factor of 86,400 (sec/day)

AF = age factor (unitless). The model assumes AF = 1 for adults and 1.3 for children.

CFa = units conversion factor of 0.037 (Bq/pCi)

Page 7-17



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

1

2 7.1.5.2 Exposure to Soil
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Exposure to soil includes ingestion of soil (Eq. 7-3), inhalation of resuspended soil (Eq. 7-4), and external
exposure to ROPCs in soil (Eq. 7-5).

Ingestion of Soil

Equation 7-3 will be used to calculate the ingestion of soil.

COPCs: I,"11 =
Cs • CRa0,;1 • F,. , EF - ED

BW-AT-CF,

where:

ROPCs: IsO;, = Cs - CRso,j • F,. - EF - ED • CFz

(Eq. 7-3 a)

(Eq. 7-3b)

L„;t = intake of COPC or R.OPC due to soil ingestion (mg/kg-day or pCi)

CS = concentration of COPC or ROPC in soil (mg/kg or pCi/g) calculated per section 6.2,
Eq. 6-1 and Eq. 6-3

CR,,,;1 = consumption rate of soil (kg/day)

F, = fraction of ingested s oil that is contaminated (unitless)

EF = exposure frequency (day/yr)

ED = exposure duration (yr)

BW = body weight (kg)

AT = averaging time for carcinogens (ATO ) or noncarcinogens (ATN) (yr)

CF1 = units conversion factor of 365 (day/yr)

CF2 = units conversion factor of 1000 (g/kg)

Inhalation of Resuspended Soil

Equation 7-4 will be used to calculate exposure resulting from inhalation of resuspended soil using the
particulate emission factor (PEF) approach from the EPA soil screening guidance (EPA 1996a, 1996b,
2000a, 2000b).

35
36 where:
37
38

Cs IR• ET•EF•ED
COPCs: I h o l= - (Eq. 7-4a)

PEF B1W ^ AT CF,

ROPCs: I;„h,,,;, _(PEFJ • CFZ • IR • ET -EF - ED (Eq. 7-4b)

l,,,hs„;l = intake of COPC or ROPC through inhalation of resuspended soil (mg/kg-day or pCi)
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1 Cs = soil concentration of COPC or ROPC (mg/kg or pCi/g) calculated per section 6.2,
2 Eq. 6-1 and Eq. 6-3

3 PEF = particulate emission factor (m3/kg); PEF is described below

4 IR = inhalation rate (m3/hr)

5 ET = exposure time (hr/day)

6 EF = exposure frequency (day/yr)

7 ED = exposure duration (yr)

8 BW = body weight (kg)

9 AT = averaging time for carcinogens (AT() or noncarcinogens (ATN) (yr)

10 CF1 = units conversion factor of 365 (day/yr)

11 CF2 = units conversion factor of 1000 (g/kg)

12

13 The PEF relates the concentration of contaminant in soil with the concentration of dust particles in the air.
14 The presence of vegetation, gravel, pavement, or other cover will prevent the generation of fugitive dust.
15 EPA default PEF values assume 50 % vegetative cover and 50 % open soil. EPA provides site-specific
16 dispersion modeling and meteorological factors for 29 cities in the United States and recommends
17 developing a site-specific PEF by identifying the climatic zone for the site (Figure A-1, EPA 2000b)
18 IR(Wed Ey se®F)Mg p RdeQig SDjp eVA§ p[2(WsSRnding )KVue siVds FOP L*zRne Ipd size. 7he
19 e anford Site is located in climatic zone 4. Using the modeling parameters provided for the five
20 representative cities in zone 4, along with an assumed 30-acre source area and 50 % vegetative cover,
21 results in average and 10th percentile PEF values of 6.22E+09 and 1.41E+09 m3/kg, respectively. The
22 10th percentile value is used in this human health risk assessment (e e RA) to provide a conservative
23 estimate of fugitive dust exposure. The 10th percentile value is used rather than the 90th percentile value
24 because air concentration is dependent on the inverse of the PEF value.
25
26 External Exposure to Soil

27 Equation 7-5 will be used to calculate the external exposure to ionizing gamma radiation in soil from
28 ROPCs.

29 ROPCs: Cs • EF - ED •[ET„ + ET, •(1- Se)] (Eq. 7-5)
I;,s =

CF
30
31 where:
32
33 I,,,. = external exposure to gamma radiation from ROPCs in soil (pCi-yr/g)

34 Cs = soil concentration of ROPC (pCi/g) calculated per section 6.2, Eq. 6-1 and Eq. 6-3

35 EF = exposure frequency (day/yr)

36 ED = exposure duration (yr)

37 ET„ = exposure time fraction outdoors (unitless); receptor-specific ET, values are described
38 below

39 ET; = exposure time fraction indoors (unitless); receptor-specific ET; values are described
40 below

41 Se = shielding factor (unitless); Se is described below

42 CF = units conversion factor 365 (day/yr)
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The exposure time fraction outdoors (ETo) represents the fraction of the day that the receptor is on site
and outdoors while the fraction indoors (ET;) represents the fraction of the day that the receptor is on site
and indoors.

6 For the resident scenario, it is assumed that adults spend 94 % of their time indoors and 6 % outdoors
7 (EPA 1997a) while children spend 77 °/> of their time indoors and 23 % outdoors. The median percent of
8 time spent outdoors on a farm (adults and children) is reported as 12 %, and the 90th percentile is reported
9 as 42 % (EPA 1997a). For the resident subsistence farmer and subsistence fisher scenarios, receptors

10 (both adults and children) are assumed to spend 42 % of their time outdoors and 58 % indoors
11 (approximately an additional 8 hours outdoors each day). For the Native American subsistence resident,
12 the time spent outdoors is assumed to be comparable to the resident subsistence farmer and resident
13 subsistence fisher (that is, 58 % indoors„ 42 % outdoors for both adults and children).
14
15 For the Hanford Site industrial worker scenario, it is assumed that work is performed both outdoors and
16 indoors; therefore, workers spend 50 % of their work day indoors and 50 % outdoors.
17
18 A shielding factor of 0.4 is used, consistent with Office of Solid Waste and Emergency
19 Response Directive 9355.4-14 (EPA 2000d), to account for shielding while the receptor is indoors. No
20 shielding is assumed while the receptor is outdoors, as the gamma radiation originating in soil is not
21 impeded by a solid obstacle prior to intercepting the receptor.
22
23 7.1.5.3 Exposure to Foodstuffs

24 Exposure to foodstuffs includes ingestion of produce by the resident; ingestion of produce, beef, pork,
25 milk, chicken, and eggs by the resident subsistence farmer; ingestion of produce and fish by the resident
26 subsistence fisher; and ingestion of wild plants, wild game, wildfowl, wildfowl eggs, and fish by the
27 Native American subsistence resident.
28
29 Ingestion of Produce

30 Equation 7-6 will be used to calculate the ingestion of COPCs and ROPCs in homegrown produce or wild
31 plants.

32 COPCs: [(Pd + Pv + Proi, ) • CRax + Prag • CRrP + PrbR • CRbR ^• F • EF • ED (Eq. 7-6a)

AT • CF

333
34 ROPCs: I„A =[(Pd + Pv + Pra,• ) CRag + Prag - CRvr + Prh9 • CRhg]- F - EF - ED - BW - CF (Eq. 7-6b)

35
36 where:
37
38 I„A = intake of COPC or ROPC through ingestion of produce (mg/kg-day or pCi)

39 Pd = COPC or ROPC concentration in aboveground produce due to direct deposition onto
40 plant surfaces (mg/kg or pCi/g) calculated per section 6.5, Eq. 6-12 through Eq. 6-15

41 Pv = COPC or ROPC concentration in aboveground produce due to air-to-plant transfer
42 (mg/kg or pCi/g) calculated per section 6.5, Eq. 6-16 through Eq. 6-22
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1 Pr = COPC or ROPC concentration in aboveground produce due to root uptake (mg/kg or
2 pCi/g) calculated per section 6.5, Eq. 6-23

3 CR" = consumption rate of aboveground unprotected produce (kg/kg-body weight/day)

4 CR,,,, = consumption rate of aboveground protected produce (kg/kg-body weight/day)

5 Prbx = COPC or ROPC concentration in belowground produce due to root uptake (mg/kg or
6 pCi/g) calculated per section 6.5, Eq. 6-24

7 CRhK = consumption rate of belowground produce (kg/kg-body weight/day)

8 F; = fraction of ingested produce that is contaminated (unitless)

9 EF = exposure frequency (day/yr)

10 ED = exposure duration (yr)

11 AT = averaging time for carcinogens (AT(7) or noncarcinogens (ATN) (yr)

12 CF1 = units conversion factor of 365 (day/yr)

13 BW = body weight (kg)

14 CFa = units conversion factor of 1000 (g/kg)

15
16 Ingestion of Animal Products

17 Equation 7-7 wil l be used to calculate the ingestion of COPCs and ROPCs in homegrown beef, milk,
18 pork, poultry, wildfowl, eggs, and wild game.
19

A -CR-F- EF-ED
f20 COPCs: (Eq. 7-7a)If^,d =

CFAT- ,

21

22 ROPCs: If,, = Ar ' CR - F, - EF - ED - BW - CF2 (Eq. 7-7b)

23
24 where:
25
26 If,d = intake of COPC or ROPC from animal product (such as Ta,ey Im;tk) (mg/kg-day or pCi)

27 Af = concentration of COPC or ROPC in animal product (mg/kg or pCi/g) calculated per
28 section 7.1.7.4, equations 7-13 (beef), 7-14 (milk), 7-15 (pork), 7-16 (chicken), 7-17
29 (wildfowl), 7-18 (chicken eggs), 7-19 (wildfowl eggs), 7-20 (game), 7-23, 7-24, and
30 7-25 (fish)

31 CR = consumption rate of animal product (kg/kg-day)

32 F, = fraction of ingested animal tissue that is contaminated (unitless)

33 EF = exposure frequency (day/yr)

34 ED = exposure duration (yr)

35 AT = averaging time for carcinogens (ATOor noncarcinogens (ATN) (yr)

36 CF, = units conversion factor of 365 (day/yr)

37 BW = body weight (kg)

38 CFz = units conversion factor of 1000 (g/kg)

39
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I Ingestion of Fish

2 Equation 7-8 will be used to calculate the ingestion of COPCs and ROPCs in fish
3

Cf,h - ^CRrGh 4- CR F EF - ED
4 COPCs: If,n = (Eq. 7-8a)

AT•CF,

5

6 ROPCs: I h = C h •(CR , + CR ^• F • EF • ED • BW - CFZ (Eq. 7-8b)f, f, rs , °,A°,y, ,

7
8 where:
9

10 Ifsh = intake of COPC or ROPC from fish (mg/kg-day or pCi)

11 Cpsh = concentration of COPC or ROPC in fish (mg/kg or pCi/g); Cfish will be calculated
12 from surface water and sediment concentrations calculated per sections 6.3 and 6.4,
13 Eq. 6-9 (surface water), and Eq. 6-10 and Eq. 6-11 (sediment).

14 CRf,h = consumption rate of fish fillets (kg/kg-body weight/day)

15 CR,,,g°,,,. = consumption rate of fish parts (kg/kg-body weight/day)

16 F, = fraction of ingested fish that is contaminated (unitless)

17 EF = exposure frequency (day/yr)

18 ED = exposure duration (yr)

19 AT = averaging time for carcinogens (ATc.) or noncarcinogens (ATN) (yr)

20 CFi = units conversion factor of 365 (day/yr)

21 BW = body weight (kg)

22 CF2 = units conversion factor of 1000 (g/kg)

23
24 7.1.5.4 Exposure to Surface Water

25 Exposure to surface water includes the ingestion of surface water as drinking water (Eq. 7-9) and Native
26 American sweat lodge exposures through inhalation and dermal contact (section 7.1.5.5).
27
28 Ingestion of Drinking Water

29 Equation 7-9 will be used to calculate the ingestion of COPCs and ROPCs in drinking water.
30

31 COPCs: Id, =
Cd,,, • CRdw • F,. - EF • ED

(Eq. 7-9a)
BW • AT - CF

32

33 ROPCs: Id,,, = C,,,,, - CRdw - F, - EF - ED (Eq. 7-9b)

34
35 where:
36
37 Id„, = intake of COPC or ROPC from drinking water (mg/kg-day or pCi)

38 C,l„• = dissolved-phase COPC or ROPC water concentration (mg/L or pCi/L) calculated per
39 section 6.3, Eq. 6-9

40 CRdw = consumption rate of drinking water (L/day)

Page 7-22



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

1 F; = fraction of ingested drinking water that is contaminated (unitless)

2 EF = exposure frequency (day/yr)

3 ED = exposure duration (yr)

4 BW = body weight (kg)

5 AT = averaging time for carcinogens (AT() or noncarcinogens (ATN) (yr)

6 CF = units conversion factor of 365 (day/yr)

7

8 7.1.5.5 Native American Sweat Lodge Exposures

9 Two exposure pathways will be evaluated for the Native American sweat lodge: inhalation (Eq. 7-10) and
10 dermal absorption (Eq. 7-11).
11
12 Inhalation in Sweat Lodge

13 Equation 7-10 will be used to calculate inhalation exposure for Native American adults inside the sweat
14 lodge. Volatile and sernivolatile organic COPCs and volatile ROPCs (14C and 3H) may be released as
15 vapors from water used in the sweat lodge. Due to the many uncertainties and the potential that aerosols
16 may be generated by mechanical entrainment in addition to volatilization, nonvolatile inorganic COPCs
17 and ROPCs are also evaluated for this scenario.
18

Cd„ •^ V. IR-ET-EF-ED
^ ^c r

19 COPCs: I;,,h = (Eq. 7-10a)
BW-AT-CF

20

21 ROPCs: I;,,h = Cd,, V. J .IR. ET.EF.ED (Eq. 7-10b)
/•)c•r

22
23 where:
24
25 i;,,h = intake of COPCs and ROPCs from inhalation in the sweat lodge (mg/kg-day or pCi)

26 Cdw = dissolved surface water concentration of COPCs and ROPCs (mg/L or pCi/L)
27 calculated per section 6.3, Eq. 6-9

28 Vw = volume of water (L); see the discussion of Vw, below

29 TC = the constant pi (unitless); c 3.14159265359

30 r = radius of sweat lodge (m); r D/2 where D is the diameter of the sweat lodge (m)

31 IR = inhalation rate (m3/hr)

32 ET = exposure time (hr/day)

33 EF = exposure frequency (day/yr)

34 ED = exposure duration (yr)

35 BW = body weight (kg)

36 AT = averaging time for carcinogens (AT(-) or noncarcinogens (ATN) (yr)

37 CF = units conversion factor of 365 (day/yr)

38
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Within the sweat lodge, water is splashed onto heated rocks to produce steam. It is assumed that a total of
4 L of water are used during a one-hour sweat lodge ceremony. For the HHRA, it is conservatively
assumed that the entire concentration of volatile COPCs (all organics) and ROPCs (3H and 14C) in the 4 L
of water may be volatilized and available for inhalation in the sweat lodge (that is, VW= 4 L). It is
possible that nonvolatile COPCs (inorganics) and ROPCs (all except 3H and 14C) may become airborne as
an aerosol mist. The quantity of nonvolatile constituents that may be airborne is limited by the amount of
water that may be in the air at any given time (CCN 064329). A hemispheric sweat lodge with a diameter
of 2 in has a volume of 2.094 m3. At 150 °F and 100 % humidity, 0.34 L of water could be airborne in a
sweat lodge of this size (that is, Vw = 0.34 L).

10
11 Dermal Exposure in Sweat Lodge

12 Equation 7-11 will be used to calculate the dermal absorption of organic COPCs from water vapor in the
13 sweat lodge.
14

15 COPCs: Ia =
Cd,, 'SA•Kp- ET•EF•ED- CF,

(Eq. 7-11)
BW•AT - CFz

16
17 where:
18
19 id = intake of COPCs from adult dermal absorption within the sweat lodge (mg/kg-day)

20 Cd,, = dissolved-phase surface water concentration (mg/L) calculated per section 6.3, Eq. 6-9

21 SA = body surface area available for contact (m)

22 Kp = permeability constant (cm/hr); Kp is COPC-specific and provided in Appendix B-1.

23 ET = exposure time (hr/day)

24 EF = exposure frequency (day/yr)

25 ED = exposure duration (yr)

26 CF/ = units conversion factor of 10 (L/mz-cm)

27 BW = body weight (kg)

28 AT = averaging time for carcinogens (ATc) or noncarcinogens (ATN) (yr)

29 CF2 = units conversion factor of 365 (day/yr)

30
31 Dermal absorption of inorganic COPCs and ROPCs is not included because this pathway is considered to
32 be insignificant compared to inhalation for all inorganic COPCs and ROPCs except tritium (see Appendix
33 B-3 for further discussion on this topic). Previously, the inhalation cancer slope factor (SF) provided in
34 the Health Effects Assessment Summary Tables (HEAST) (EPA 1995c) for tritium included a 50 %
35 contribution from dermal absorption. The new inhalation SF for tritium provided in the updated HEAST
36 (EPA 2001b) does not include the contribution from dermal absorption; therefore, dermal absorption of
37 tritium from water vapor in the sweat lodge is evaluated separately. The internal dose from immersion in
38 a plume of tritiated water vapor is approximately 50 % from inhalation and 50 % from dermal absorption
39 (Till and Meyer 1983); therefore, the dose received from dermal absorption of tritium is accounted for by
40 multiplying the inhalation dose for this ROPC by 2.
41
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7.1.5.6 Nursing Infant Exposure

2 Ingestion of Breast Milk

3 Equation 7-12 will be used to calculate the ADD of COPCs and intake of ROPCs for an infant exposed to
4 COPCs and ROPCs in breast milk.
5

[m.CF.h.fi j f• f•IR ;Ik ED
6 COPCe: _ 3 ° " (Eq. 7-12a)

0.693 - f2 BWf„, - AT

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26
27

28

29

30
31

32

33

34

35

36

37

ROPCs: I;f„, = I m h f • f3 • f4 • IR,„,Ik • ED • EF (Eq. 7-12b)
IBW,fa„, - 0.693- fZ)

where:

= infant intake of COPCs or ROPCs from breast milk (pg/kg-day for chemicals or pCi
for radionuclides)

in = maternal intake of COPCs or ROPCs frarn all adult exposures (mg/kg-day for
chemicals or pCi/day for radionuclides) calculated as:

Hanford Site industrial worker and resident:

m- If„h + Isnil + I/„Roil + Iag + Idw

resident subsistence farmer:

m= I;,,e + Isoa + I;„hoa + I„9 + Ihrf+ I.„;rx + ,,,.k + I„hxk„ + Ielw + Id^

Native American subsistence resident:

m= I;,,h + I.«,a + I;„&oa + I„g + Is„m^, + Iw;rJfwr + Iexg + Ig.mr + Ifsh + Id^

where the individual intake terms will be calculated from equations 7-1; 7-3, 7-4,
7-6, 7-7, and 7-8 without the ED, EF, AT and 365 day/yr terms

CF = units conversion factor of I E+09 (pg/mg)

h = biological half-life of COPC or ROPC in adults (days); h is COPC- and ROPC-
specific and provided in Appendix B-1

f, = fraction of ingested COPC or ROPC that is stored in fat (unitless)

f2 = IrgtiRn RI p RthH's wfight thI) is irj (unit(Ws)

f3 = fraction of breast milk that is fat (unitless)

f4 = fraction of ingested COPC or ROPC that is absorbed (unitless)

IR,„;Ik = ingestion rate of breast milk by infant (kg/day)

ED = exposure duration (yr)
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1 BW;r„,, = body weight of infant (kg)

2 AT = averaging time (yr)

3 EF = Exposure frequency (days/yr)

4
5 7.1.6 Exposure Parameters

6 The equations presented above are the basis for quantifying the exposure to COPCs and ROPCs
7 experienced by a potential receptor. The values that will be used for each parameter identified in the
8 equations are provided in tables 7-2, 7-3, and 7-4 and described below. These parameters are
9 conservative to ensure that the exposures calculated in the SLRA overestimate, rather than underestimate,

10 risk.
11
12 7.1.6.1 Hanford Site Industrial Worker

13 For the Hanford Site industrial worker scenario, exposure values are presented in Table 7-2 and are taken
14 primarily from the Hanford Site RiskAssessment Methodology (DOE-RL 1995).
15
16 The Hanford Site industrial worker is assumed to work both indoors (4 hours per day) and outdoors
17 (4 hours per day) and to consume 200 mg soil per day rather than the default 50 mg per day because of
18 this outdoor activity.
19
20 The Hanford Site industrial worker is assumed to live at the Hanford offsite maximum in addition to
21 working at the onsite ground maximum. Exposure assumptions for the time spent at home are the same
22 as those for a resident (section 7.1.6.2) corrected for time spent at work. For example:
23
24 • This receptor is assumed to spend 16 hours per day at home for the 250 days per year he or she is also
25 at work, and 24 hours per day at home for the 100 days per year he or she is not at work.

26 • This receptor consumes a total of 2 L to 3 L per day of drinking water from the Columbia River
27 maximum (that is, on workdays the receptor consumes 2 L at work and I L at home, on nonwork days
28 the receptor consumes 2 L at home)..

29 • This receptor is assumed to spend 20 years working at the onsite ground maximum and living at the
30 Hanford offsite maximum and another 10 years living at the Hanford offsite maximum (for a total
31 residential exposure duration of 30 years).

32
33 Soil ingestion rates are assumed to be independent of exposure time and, therefore, are not corrected for
34 time spent at work and at home (that is, the worker consumes 200 mg soil per day at work and 100 mg
35 soil per day at home for a total of 300 mg soil per day, 250 days per year and 100 mg soil per day, 100
36 days per year).
37
38 7.1.6.2 Residential Scenarios

39 For residential scenarios (resident, resident subsistence farmer, resident subsistence fisher, and nursing
40 infants), exposure values are presented in Table 7-3 and are taken primarily from the HHRAP
41 (EPA 1998a). Several exposure parameters (inhalation rate, soil ingestion rate, drinking water ingestion
42 rate) differ from the HHRAP default values in order to be consistent with other EPA Region 10
43 assessments (CCN 063805, CCN 063806, CCN 063807). The source of each exposure parameter is
44 provided, along with the value used, in Table 7-3.
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1

2

3

4

5

6

7

8

9

10

11

12

13

14

The adult resident and resident subsistence fisher are assumed to live at the Hanford offsite maximum for
30 years during operation of the WTP for current exposures and at the onsite ground maximum for
30 years starting at WTP shutdown for future exposures. The resident subsistence farmer is assumed to
live at the Hanford offsite maximum for 40 years during operation of the WTP for current exposures and
at the onsite ground maximum for 40 years starting at WTP shutdown for future exposures. The child is
assumed to be exposed for 6 years (from age 1 to 7) for all three residential scenarios.

Consumption rates of food are for contaminated food grown a)XNllrl-pl-pWr's hop H(or frop ftColup bia
0 iver maximum for fish) and do not include food purchased from uncontaminated sources. cood
consumption rates are presented in Table 7-3 in units of kg dry weight (a W) produce per kg body weight
per day and kg fresh weight (c W) animal product per kg body weight per day. To put these values into
perspective, consumption rates for a 70 kg adult are summarized below:

Food Product

Consumption Rate

kg DW/kg-day lb FW/day
Approximate
Servings/day a

Resident and Resident Subsistence Fisher

Aboveground produce 8.70b-04 0.9 6

Belowground produce 1.40b-04 0.1 6

Total produce 1.01b-03 1.0 4

cish 1.17b-03 0.18 1

Resident Subsistence Farmer

Aboveground produce 3.12b-03 3.2 b

Belowground produce 5.52b-04 0.6 6

Total produce 3.67b-03 3.8 15

Beef 4.20b-03 0.6

Pork 2.00b-03 0.3

Poultry 2.27b-03 0.4

bggs 1.60b-03 0.2

Total meat and eggs 1.01 b-02 1.6 10

a airy 4.4b-03 0.7 1

' Approximate servings based on USDA-recommended servings sizes of 4 oz per serving of fruits and vegetables,
2 oz to 3 oz per serving of meat, fish, and poultry, and 8 oz per serving of milk.

° Produce converted from dry to wet weight assuming an average 85 % moisture content.

15
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I Exposure parameters for the nursing infant are for an infant from ages 0 to 12 months. Exposure
2 parameters for the mother of the nursing infant are the same as those presented for the adult resident and
3 resident subsistence farmer.
4

5 7.1.6.3 Native American Subsistence Resident

6 For the Native American subsistence resident, exposure values are presented in Table 7-4 and are taken
7 primarily from A Native American Exposure Scenario (Harris and Harper 1997). This scenario is most
8 accurate for the CTUIR and less accurate for other Northwestern tribes.
9

10 The Native American subsistence resident is assumed to live at the Hanford offsite maximum (current) or
11 onsite ground maximum (future). This receptor spends 1 day (24 hours) per month (12 days per year) at
12 the Gable Mountain maximum conducting ceremonial activities and the remaining 353 days per year at
13 home.
14
15 Three separate exposure duration values will be used for this scenario:
16
17 • The recommended (Harris and Harper 1997) exposure duration of 70 years assumes that this receptor
18 is exposed during his or her entire lifetime. This exposure duration will be used for adult exposures
19 through all pathways except those noted below.

20 • An adult exposure duration of 40 years (the operating lifetime of the WTP) will be used for direct
21 exposure to contaminants in air (inhalation and external radiation in air) because these exposures will
22 last only as long as emissions from the WTP are occurring. A 40-year exposure duration will also be
23 used for ingestion of carbon-14 and tritium in plants because these ROPCs are transferred directly to
24 plant tissue from air, rather than being transferred from soil (see section 6.5), and will only
25 accumulate these ROPCs as long as emissions from the melter are occurring

26 • An exposure duration of 6 years (from ages 1 to 7) will be used for the child Native American
27 subsistence resident.

28
29 The Native American subsistence resident is assumed to obtain wild food gathered from the Hanford Site.
30 Consumption rates of wild food gathered from on site presented in Table 7-4 do not include food
31 purchased or collected from uncontaminated sources. Food consumption rates are presented in units of kg
32 dry weight produce per kg body weight per day and kg fresh weight animal product per kg body weight
33 per day. To put these values into perspective, consumption rates for a 70 kg adult are summarized below.
34

Consumption Rate
Approximate

Food Product kg DW/kg-day lb FW/day Servings/day

Aboveground produce 3.08E-03 3.2 6

Belowground produce 7.06E-04 0.7 6

Total produce 3.78E-03 3.9 b 16

Wild game 3.57E-03 0.6

Wildfowl 3.29E-04 0.1

Fish 8.48E-03 1.3
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Food Product

Consumption Rate

kg DW/kg-day lb FW/day
Approximate
Servings/day '

Wildfowl eggs

Total meat and eggs

3.OOE-04 0.1

1.27E-02 2.0 13

' Approximate servings based on USDA-recommended servings sizes of 4 oz per serving of fruits and vegetables,
and 2 oz to 3 oz per serving of meat, fish, and poultry.

Produce converted from dry to wet weight assuming an average 85 % moisture content.

An inhalation rate of 30 m3 per day will be used for the Native American subsistence resident adult per
Stuart Harris of the CTUIR (CCN 064333). A discussion of this value is provided in Appendix B-4. The
assignment of inhalation rate is highly uncertain; several alternative default inhalation rates will be
evaluated as part of the uncertainty assessment in the PRA. Exposure parameters for the nursing infant
are for an infant ages 0 to 12 months. Exposure parameters for the mother of the nursing infant are the
same as those presented for the adult Native American subsistence resident.

7.1.7 Exposure Point Concentrations

10 The EPCs used for estimating intakes/doses of both COPCs and ROPCs are dependent on the location of
11 the receptor. The location of the various receptor populations identified for the quantitative risk
12 assessment will correspond to the receptor grid nodes defined during air dispersion modeling
13 (section 6.1). In keeping with the protective approach for the SLRA, the location with the maximum
14 concentrations of COPCs and ROPCs will be used in estimating EPCs.
15
16 Air dispersion modeling will be used to identify points of maximum emission concentrations and
17 deposition at four locations of interest: at the location of maximum concentration (that is, the onsite
18 ground maximum), at Gable Mountain, outside the Hanford Site boundary (that is, the Hanford offsite
19 maximum), and at the Columbia River. To simplify the risk assessments, it will be assumed that receptor
20 populations are present at these exposure locations. For example, while offsite residential receptor
21 populations are present (for example, in Richland), residents may not be present at the Hanford offsite
22 maximum. However, for the risk assessment, it is assumed that a variety of residential receptors are
23 present at this location.
24
25 The four exposure locations are described in section 7.1.1 and again, briefly, below:
26
27 • Onsite ground maximum - location of maximum predicted ground-level concentrations of both
28 airborne and deposited emissions

29 • Hanford offsite maximum - location of maximum predicted ground-level concentrations of both
30 airborne and deposited emissions outside the Hanford Site Boundary

31 • Gable Mountain maximum - location of maximum predicted ground-level concentrations of both
32 airborne and deposited emissions at Gable Mountain

33 • Columbia River maximum - location of maximum predicted ground-level concentrations of both
34 airborne and deposited emissions at the Columbia River

35

Page 7-29



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

1 Because the point of maximum concentration may be different for airborne COPCs and ROPCs and
2 COPCs and ROPCs deposited through wet and dry deposition mechanisms, EPA (1998a) recommends
3 the following method for selecting the point of maximum concentration. Emissions will be modeled
4 separately for eight flues (pretreatment C5, vessel vent, and reverse flow diverters/pulse jet mixers
5 [RFD/PJM]; LAW C5 and melter offgas and process vessel vent; and HLW C5, RFD/PJM, and two
6 melter offgas and process vessel vent flues that will be combined and evaluated as a single flue) with six
7 points of maximum concentration possible from each flue:

9 • Maximum vapor-phase air concentration

10 • Maximum particle- and particle-bound-phase air concentration

11 • Maximum vapor-phase wet deposition

12 • Maximum particle- and particle-bound-phase wet deposition

13 • Maximum vapor-phase dry deposition

14 • Maximum particle- and particle-bound-phase dry deposition

15
16 7hus, Va'HHD'HDAk)MRf 48 pRsslEQlp Ep Ip uP FRnFI-pVt*'^rs (8 fQFF ' 6 ph1311;) 13NT}m Rf Vu'1jfRar
17 locations of interest. Because more than one maximum concentration often occurs at the same receptor
18 grid node, it is more likely that a dozen ;grid nodes or less with maximum concentrations will be identified
19 at each location of interest (rather than 48). To further reduce the number of points evaluated, points of
20 maximum concentration will be grouped based on geographic proximity to each other.
21

22 7.1.7.1 Exposure Point Concemtrations in Air

23 EPCs will be calculated as described in section 6.1 (air dispersion modeling). Chronic air concentrations
24 are assumed to remain the same for the entire 40-year operating lifetime of the WTP. Acute air
25 concentrations represent the worst-case, one-hour meteorological conditions and will be used for
26 evaluating the acute scenario only.
27
28 7.1.7.2 Exposure Point Concentrations in Soil, Surface Water, and Sediment

29 Concentrations of COPCs and ROPCs in soil, surface water, and sediment are estimated from deposition
30 rates predicted by the air dispersion modeling as described in sections 6.2 (soil), 6.3 (surface water), and
31 6.4 (sediment). Deposition is assumed to occur for the potential operating lifespan of the facility (40
32 years).
33
34 Peparate soil concentrations will be estimated for the current and future exposure periods as described
35 below:
36
37 • Current soil concentrations of carcinogenic COPCs and ROPCs are estimated as the average soil
38 concentration over the 40-year operating lifetime of the WTP.

39 • Future soil concentrations of carcinogenic COPCs and ROPCs are estimated as the average soil
40 concentration over the 40 years immediately following WTP shutdown.

41 • Current and future soil concentrations of noncarcinogenic COPCs are estimated as the soil
42 concentration at year 40 (that is, after 40 years of deposition).

43

Page 7-30



24590-WiP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

I Annual average surface water and sediment concentrations calculated based on deposition of emissions
2 during WTP operations are used for both current and future exposures to these media.
3
4 7.1.7.3 Exposure Point Concentrations in Plants

5 Exposure point concentrations for produce (fruits and vegetables) and wild plants will be calculated as
6 described in section 6.5. Current EPCs for homegrown and wild plants will include vapor-phase transfer
7 from air to plants, deposition from air onto plants, and root uptake from soil into the aboveground and
8 belowground portions of plants. Future EPCs for home grown and wild plants will include root uptake
9 from soil into the above and belowground portions of plants only because airborne emissions will not be

10 present following WTP shutdown.
11
12 7.1.7.4 Exposure Point Concentrations for Animal Tissue (Domestic Livestock and Wild

13 Game)

14 Exposure point concentrations in animal products (such as beef, milk, wild game) will be modeled as
15 described here. As noted in section 6.6, this modeling effort is slightly different for the human health risk
16 and ecological risk assessments. See section 8 for the modeling required for the ecological risk
17 assessment. This section describes the modeling for use in the HHRA and includes modeling to
18 determine EPCs for the following animal tissue:
19
20 • Beef

21 • Milk

22 • Pork

23 • Chicken

24 • Wildfowl

25 • Chicken eggs

26 • Wildfowl eggs

27 • Wild game (deer)

28
29 Edible tissue concentrations will be calculated for the HHRA using feed concentrations, ingestion rates,

30 bioaccumulation factors, and other parameters in model equations from EPA 1998a. Current and future
31 feed concentrations (such as soil, forage, silage, and grain concentrations) will be determined as described
32 in section 6.5. Ingestion rates and other parameters are generally from the HHRAP (EPA 1998a) and can be
33 found in Table 7-5. Bioaccumulation factors are COPC- and ROPC-specific and can be found in Appendix
34 B-1. As with the plant modeling (see section 6.5.3), the bioaccumulation factors used to model animal
35 tissue and animal products must be corrected to account for mass balance. The mass balance correction
36 for animal tissue is presented at the end of this section.
37
38 Exposure Point Concentrations in Beef

39 Beef cattle are assumed to consume forage, silage, and grain, as well as surface soil (that is, l cm untilled
40 soil). The equation to determine concentrations in beef tissue (EPA 1998a) for all constituents is:
41

3

42 AberF'QP;(aeel) 'P(bes) + Qss,rr(er1) , CS, BS^ Babe,f'MF (Eq. 7-13)
^
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1
2 where:
3
4 Ahef =

5 F; _
6
7
8

9 Qp,roen =
10
11
12
13
14

15
16
17

18

19

20

21

concentration of COPC or ROPC in beef (mg/kg for COPCs and pCi/g for ROPCs)

fraction of plant-type i grown on contaminated soil and ingested by the beef cattle
(unitless). The three plant types consumed by the beef cattle are forage, silage, and
grain. The recomimended default value of 1.0 (EPA 1998a) shown in Table 7-5 as
Fplan, is used for all plant types.

quantity of plant type i eaten by the beef cattle per day (kg/day). Qp;(beO is shown
in Table 7-5. The recommended values (EPA 1998a) for beef cattle raised by
subsistence farmers are used: Qpf,,,aAe(b,,fi = 8.8 kg/day is the amount of forage eaten
by the beef cow, Qp, lage(hee^ = 2.5 kg/day for is the amount of silage eaten by the
beef cow, and QpA,a,n(be ,fi = 0.47 kg/day is the amount of grain eaten by the beef
cow.

P,(been = concentration of COPC or ROPC in plant type i that is ingested by the beef cattle
(mg/kg for COPCs and pCi/g for ROPCs). Piroejg is COPC- and ROPC-specific and
calculated as follows:

Pfr,rage(AeeJ/ = Pdjoroxe + Pvjoragr + Pra,61 ,ag)

PSeageNen = Pd.,aa1;e + Pv,.,ia,e + PraR(.s,rage

Pgrain(beeJJ = PraR(Rmin)

22

23 where, for all constituents except carbon-14 and tritium:

24

25 Pdf,az, is calculated in Eq. 6-12 to Eq. 6-15

26 Pvj„raxe is calculated in Eq. 6-16 to Eq. 6-20

27 PraU,ag is calculated in Eq. 6-23 using 15 cm soil (root-zone)

28 Pd„IRe is calculated in Eq. 6-12 to Eq. 6-15

29 Pv„lage is calculated in Eq. 6-16 to Eq. 6-20

30 Prag(.,.,raA) is calculated in Eq. 6-23 using 20 cm soil (tilled)

31 Prnx(g,ain is calculated in Eq. 6-23 using 20 cm soil (tilled)

32
33 For carbon-14 all plant concentrations (that is, Pfa,ageR,een, Prs,jaReroe,,9, and Prg,a,n(heep)
34 take on the plant concentration value calculated from Eq. 6-21, and for tritium, all
35 plant concentrations take on the plant concentration value calculated from Eq. 6-22.
36
37 Qss,„r(nen= quantity of soil ingested by the beef cattle (kg/day). The recommended default
38 value of 0.5 kg/day (EPA 1998a) is used (see Table 7-5 of this work plan).

39 Cs = soil concentration at the 1 cm soil depth (mg/kg for COPCs and pCi/g for ROPCs)
40 calculated in Eq. 6-1 to Eq. 6-4

41 Bs = soil bioavailability factor (unitless). The recommended default value of 1.0
42 (EPA 1998a) is used (see Table 7-5).

43 Baheer = biotransfer factor for beef (day/kg). Baae,fis COPC- and ROPC-specific and
44 shown in Appendix B-1, tables B1-1 (organic COPCs), B1-2 (inorganic COPCs),
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1 and B1-3 (ROPCs). If no value is available for Bahr,f, then Abe,f cannot be
2 calculated and the ingestion of beef pathway cannot be evaluated in the HHRA.
3 The values for Bahefin Appendix B-l, Table B1-1 (organic COPCs), will be
4 compared against the calculated mass-limited uptake factor for beef (shown in
5 Table 7-6) and the smaller of the two values will be used in the calculation of the
6 beef concentration (Ab.o.

7 MF = metabolism factor (unitless). MF is COPC- and ROPC-specific. The
8 recommended default MF values of 0.01 for bis(2-ethylhexyl)phthalate and 1.0 for
9 all other constituents (EPA 1998a) are used (see Table 7-5).

10
11 Exposure Point Concentration in Milk

12 Dairy cattle are assumed to consume forage, silage, and grain, as well as surface soil (that is, 1 cm
13 untilled soil). The equation to determine concentrations in milk (EPA 1998a) for all constituents is:
14

15
Amilk[[

t
F^'YXi(milk)P(milk)^+Q`SsaII(mRk), CS'BS Bamilk'MF (Eq.7-14)

16

17 where:
18
19 Am,lk = concentration of COPC or ROPC in milk (mg/kg for COPCs and pCi/g for
20 ROPCs)

21 F, = fraction of plant-type i grown on contaminated soil and ingested by dairy cattle
22 (unitless). The three plant types consumed by the dairy cattle are forage, silage,
23 and grain. The recommended default value of 1.0 (EPA 1998a) shown in
24 Table 7-5 as Fnio„, is used for all plant types.

25 Qpi(.;tk) = quantity of plant type i eaten by the dairy cattle per day (kg/day). Qpi(^vk is
26 shown in Table 7-5. The recommended values (EPA 1998a) for dairy cattle raised
27 by subsistence farmers are used: Qpf,,(.,Ik = 13.2 kg/day is the amount of forage
28 eaten by the dairy cow, Qp,q,roKe -ak = 4.1 kg/day is the amount of silage eaten by
29 the dairy cow, and QpR,e„(m;rk = 3.0 kg/day is the amount of grain eaten by the
30 dairy cow.

31 Pi^mJk^ = concentration of COPC or ROPC in plant type i that is ingested by the dairy cattle
32 (mg/kg for COPCs and pCi/g for ROPCs). Pi(^irk) is COPC- and ROPC-specific
33 and calculated as follows:

34
35 Pro,aye(mak) = Pdro,age + PvfoBge + Pras(f.„ge)

36 Ps+lagr(mek) = Pd s{izge'}' PVsilagc+ Prag(sllagc)

37 Pgnin(milk) = Prag(grain)

38
39 where, for all constituents except carbon-14 and tritium:
40
41 Pdt, is calculated in Eq. 6-12 to Eq. 6-15

42 Pvp„aRe is calculated in Eq. 6-16 to Eq. 6-20

43 PragU„ag,.) is calculated in Eq. 6-23 using 15 cm soil (root-zone)

44 Pds,logr is calculated in Eq. 6-12 to Eq. 6-15
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1 Pvs;loRe is calculated in Eq. 6-16 to Eq. 6-20

2 PraR(,ira,,) is calculated in Eq. 6-23 using 20 cm soil (tilled)

3 PraR(^r^ ^ is calculated in Eq. 6-23 using 20 cm soil (tilled)

4
5 For carbon-14, all plant concentrations (that is, PforaRe(.ak, Prsaa^(.rlk), and
6 Prg,r,;,,(.;rk ) take on the plant concentration value calculated from Eq. 6-21; for
7 tritium, all plant concentrations take on the plant concentration value calculated
8 from Eq. 6-22.

10
11

12
13

14
15

16
17
18
19
20
21
22
23

24
25
26

27
28

29
30
31

32

33
34
35
36
37

38
39
40
41

42
43

Qsswr(mak = quantity of soil ingested by the dairy cattle (kg/day). The recommended default
value of 0.4 kg/day (EPA 1998a) is used (see Table 7-5).

Cs = soil concentration at the 1 cm soil depth (mg/kg for COPCs and pCi/g for ROPCs
calculated in Eq. 6-1 to Eq. 6-4)

Bs = soil bioavailability factor (unitless). The recommended default value of 1.0
(EPA 1998a) is used (see Table 7-5).

Bam;lk = biotransfer factor for milk (day/kg). Ba;tk is COPC- and ROPC-specifrc and
shown in Appendix B-1, tables B1-1 (organic COPCs), B 1-2 (inorganic COPCs),
and B1-3 (ROPCs). If no value is available for Ba,„;Ik, then An,;lk cannot be
calculated, and the ingestion of milk pathway cannot be evaluated in the HHRA.
The values for Ba;ak in Appendix B-1, Table B 1-1 (organic COPCs), will be
compared against the calculated mass-limited uptake factor for milk (shown in
Table 7-6), and the smaller of the two values will be used in the calculation of the
milk concentration (Am;lk).

MF = metabolism factor (unitless). MF is COPC- and ROPC-specific. The
recommended default MF values of 0.01 for bis(2-ethylhexyl)phthalate and 1.0 for
all other constituents (EPA 1998a) are used (see Table 7-5).

Exposure Point Concentration in Pork

Swine are assumed to consume silage and grain, as well as surface soil (that is, 1 cm untilled soil). The
equation to determine pork concentrations (EPA 1998a) for all constituents is:

Apork = [[t'^ ' Qpi(pork) P(pork)+QSsoil(pork) C'S•BS 'Bapok'MF (Eq. 7-15)

;=2

where:

Ap,rk = concentration of COPC or ROPC in pork (mg/kg for COPCs and pCi/g for
ROPCs)

F, = fraction of plant-type i grown on contaminated soil and ingested by the swine
(unitless). The two plant types consumed by the swine are silage and grain. The
recommended default value of 1.0 (EPA 1998a) shown in Table 7-5 as Fpla„r is
used for both plant types.

Qp;(po,k) = quantity of plant type f eaten by the swine per day (kg/day). Qp,(po,k is shown in
Table 7-5. The recommended values (EPA 1998a) for swine raised by subsistence
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1 farmers are used: Qp,;to e(,,,,,k = 1.4 kg/day is the amount of silage eaten by the
2 swine, and QpR,m,q,o,k = 3.3 kg/day is the amount of grain eaten by the swine.

3 Pi(pa,k) = concentration of COPC or ROPC in plant type i that is ingested by the swine
4 (mg/kg for COPCs and pCi/g for ROPCs). Pq„^,k) is COPC- and ROPC-specific
5 and calculated as follows:

7 P.<avA,,(,^,k = Pd,aaFr + Pv.,a, + Prasb;t R l

8 PR.o;noo,k = Prox(z,a,,,

9
10 where, for all constituents except carbon-14 and tritium:
11
12 Pd,ntaRr is calculated in Eq. 6-12 to Eq. 6-15

13 Pvs;mXr is calculated in Eq. 6-16 to Eq. 6-20

14 is calculated in Eq. 6-23 using 20 cm soil (tilled)

15 Pragix,a;,, is calculated in Eq. 6-23 using 20 cm soil (tilled)

16
17 For carbon-14, both plant concentrations (that is, Prs;tugr(,,,,k and Prx,a, n,,,k) take on
18 the plant concentration value calculated from Eq. 6-21; for tritium, both plant
19 concentrations take on the plant concentration value calculated from Eq. 6-22.
20
21 Qs,.,,;r(,,,,k = quantity of soil ingested by the swine (kg/day). The recommended default value
22 of 0.37 kg/day (EPA 1998a) is used (see Table 7-5).

23 Cs = soil concentration at the 1 cm soil depth (mg/kg for COPCs and pCi/g for ROPCs)
24 calculated in Eq. 6-1 to Eq. 6-4.

25 Bs = soil bioavailability factor (unitless). The recommended default value of 1.0
26 (EPA 1998a) is used (see Table 7-5).

27 BaP.,k = biotransfer factor for pork (day/kg). Bap„k is COPC- and ROPC-specific and
28 shown in Appendix B-l, tables B1-1 (organic COPCs), B1-2 (inorganic COPCs),
29 and B 1-3 (ROPCs). If no value is available for Ba,,,,k, then A,,,,,k cannot be
30 calculated, and the ingestion of pork pathway cannot be evaluated in the HHRA.
31 The values for BaPo,k in Appendix B-1, Table B1-1 (organic COPCs), will be
32 compared against the calculated mass-limited uptake factor for pork (shown in
33 Table 7-6), and the smaller of the two values will be used in the calculation of the
34 pork concentration (A^nk).

35 MF = metabolism factor (unitless). MF is COPC- and ROPC-specific. The
36 recommended default MF values of 0.01 for bis(2-ethylhexyl)phthalate and 1.0 for
37 all other constituents (EPA 1998a) are used (see Table 7-5).

38
39 Exposure Point Concentration in Chicken

40 Chickens are assumed to consume grain grown on a farm, as well as surface soil (that is, 1 cm untilled
41 soil). The grain eaten by chickens is grown in tilled (20 cm depth) soil. The equation to determine
42 chicken concentrations (EPA 1998a) for all constituents is:
43

(Eq. 7-16)44 Acn;,x a _^Fra;n ' QPs.mRt,hr^enl l't Qssn;ti,r,;^q ' Cs 'BsBa^ht,ken

45
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where:

Achicken = concentration of COPC or ROPC in chicken meat (mg/kg for COPCs and pCi/g
for ROPCs)

FR,a,n = fraction of grain grown on contaminated soil and ingested by the chicken
(unitless). The recommended default value of 1.0 (EPA 1998a) shown in
Table 7-5 as Fl,lanr is used for grain.

Qpgrain(,n;r.ke,) = quantity of grain eaten by the chicken per day (kg/day). The recommended
value of QpArain(,hxk n = 0.2 kg/day (EPA 1998a) shown in Table 7-5 for
chickens raised by subsistence farmers is used.

Pxrai„(,hi,kr ,) = concentration of COPC or ROPC in grain that is ingested by the chicken
(mg/kg for COPCs and pCi/g for ROPCs). P,ra,n(chi^ken is COPC- and ROPC-
specific and calculated as follows:

Pgrain(chicken) = Prag(Krnin)

where, for all constituents except carbon-14 and tritium:

PraK(F,a,,) is calculated in Eq. 6-23 using 20 cm soil (tilled).

For carbon-14 and tritium, PrR,ain(,hi,ken) takes on the plant concentration value
calculated from Eq. 6-21 and Eq. 6-22, respectively.

Qssoil(chicke,) = quantity of soil ingested by the chicken (kg/day); the recommended default

value of 0.022 kg/day (EPA 1998a) is used (see Table 7-5).

Cs = soil concentration at the 1 cm soil depth (mg/kg for COPCs and pCi/g for
ROPCs) calculated in Eq. 6-1 to Eq. 6-4

Bs = soil bioavailability factor (unitless); the recommended default value of 1.0
(EPA 1998a) is used (see Table 7-5).

Ba,h;,ken = biotransfer factor for chicken (day/kg); Ba^.h,,k,n is COPC- and ROPC-specific
and shown in Appendix B-1, tables B1-1 (organic COPCs), BI-2 (inorganic
COPCs), and Bl-3 (ROPCs). If no value is available for Bach;,kc,,, then A^hi,k,n
cannot be calculated, and the ingestion of chicken pathway cannot be evaluated
in the HHRA. The values for Ba^.h,,ke„ in Appendix B-1, Table B1-1 (organic
COPCs), will be compared against the calculated mass-limited uptake factor
for poultry (shown in Table 7-6), and the smaller of the two values will be used
in the calculation of the chicken concentration (A,hi,ke„).

Exposure Point Concentration in Wildfowl

Wildfowl are assumed to consume grain grown in the wild, as well as surface soil (that is, 1 cm untilled
soil). The grain eaten by wildfowl is grown in root-zone (15 cm depth) soil. The equation to determine
wildfowl concentrations (EPA 1998a) for all constituents is:

Afow7-\Fgrotn, YXgrmn(fowl)Jgraln(fowl)+L"rsca(fowl)'CS* BS)- Bafnwl (Eq. 7-17)
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1
2
3
4

5
6
7

where:

Af„t = concentration of COPC or ROPC in wildfowl (mg/kg for COPCs and pCi/g for
ROPCs)

FR,a, = fraction of grain grown on contaminated soil and ingested by the wildfowl
(unitless). The recommended default value of 1.0 (EPA 1998a) shown in
Table 7-5 as Fn,a,,, is used for grain.

Qp,;,,Uq = quantity of grain eaten by the wildfowl per day (kg/day). The recommended

value of Qpg,a;,,U,,,,,1 = 0.2 kg/day (EPA 1998a value for chickens) shown in

Table 7-5 as Qpx,a,,,(,hlcke is used for wildfowl.

Pg,a,,,(f-„,r = concentration of COPC or ROPC in grain that is ingested by the wildfowl
(mg/kg for COPCs and pCi/g for ROPCs). Pg,o,,,Uwt^ is COPC- and ROPC-
specific and calculated as follows:

8
9

10

11
12
13
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Pyin(fowl) = Prag(gmin)

where, for all constituents except carbon-14 and tritium:

Progig,,;,, is calculated in Eq. 6-23 using 15 cm soil (root-zone)

For carbon-14 and tritium, Pg,,,„Uo„,a^ takes on the plant concentration value
calculated from Eq. 6-21 and Eq. 6-22, respectively.

Qs,«;IU „,1 = quantity of soil ingested by the wildfowl (kg/day); the recommended default
value of 0.022 kg/day (EPA 1998a value for chickens) shown in Table 7-5 as
Qs,,..,((.&icke ,) is used for wildfowl.

Cs = soil concentration at the 1 cm soil depth (mg/kg for COPCs and pCi/g for
ROPCs) calculated in Eq. 6-1 to Eq. 6-4

Bs = soil bioavailability factor (unitless). The recommended default value of 1.0
(EPA 1998a) is used (see Table 7-5).

Bay,„j = biotransfer factor for wil fowl (day/kg). Baro„,r is COPC- and ROPC-specific
and shown as Bach;,k,,„ in Appendix B-1, tables 81-1 (organic COPCs), Bl-2
(inorganic COPCs), and B1-3 (ROPCs). If no value is available for Bal,„,i, then
Af„I cannot be calculated, and the ingestion of wildfowl pathway cannot be
evaluated in the HHRA. The values for Ba^.h,,k,,, in Appendix B-l, Table Bl-1
(organic COPCs), will be compared against the calculated mass-limited uptake
factor for poultry (shown in Table 7-6), and the smaller of the two values will
be used in the calculation of the wildfowl concentration (Ar„,l).

Exposure Point Concentration in Chicken Eggs

Chicken eggs are from chickens that are assumed to consume grain grown on a farm in tilled (20 cm
depth) soil as well as surface soil (that is, 1 cm untilled soil). The equation to determine chicken egg
concentrations (EPA 1998a) for all constituents is:

`QrBU -(Frain QPgrarn(ch,cken) Rrmn(uicken) + Qssou( hrcken) Cs • BS) • Bae. (Eq. 7-18)
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where:

Aexs = concentration, of COPC or ROPC in chicken eggs (mg/kg for COPCs and pCi/g
for ROPCs)

Fg,n,n = fraction of grain grown on contaminated soil and ingested by the chicken
(unitless). The recommended default value of 1.0 (EPA 1998a) shown in Table
7-5 as Fpla,,, is used for grain

QPg•mnr,hr,ka^) = quantity of grain eaten by the chicken per day (kg/day). The recommended
value of QpRr,,;n(en;eken = 0.2 kg/day (EPA 1998a) shown in Table 7-5 for
chickens raised by subsistence farmers is used.

PR,m ieh^x^ = concentration. of COPC or ROPC in grain that is ingested by the chicken
(mg/kg for COPCs and pCi/g for ROPCs). Pxrn;n(,,;eken) is COPC- and ROPC-
specific and calculated as follows:

11
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Pyraln(chicken) = Prag(grain)

where, for all constituents except carbon-14 and tritium:

Pras(,,n„,) is calculated in Eq. 6-23 u'sing 20 cm soil (tilled).

For carbon-14 and tritium, Prg,mn h,e^n) takes on the plant concentration value
calculated from Eq. 6-21 and Eq. 6-22, respectively.

Qssn;r(ea,^k .) = quantity of soil ingested by the chicken (kg/day). The recommended default
value of 0.022 kg/day (EPA 1998a) is used (see Table 7-5).

Cs = soil concentration at the 1 cm soil depth (mg/kg for COPCs and pCi/g for
ROPCs) calculated in Eq. 6-1 to Eq. 6-4

Bs = soil bioavailability factor (unitless). The recommended default value of 1.0
(EPA 1998a) is used (see Table 7-5).

BaeRK = biotransfer factor for chicken eggs (day/kg). BaeRR is COPC- and ROPC-
specific and shown in Appendix B-1, tables B1-I (organic COPCs), B1-2
(inorganic COPCs), and B1-3 (ROPCs). If no value is available for Ba, then

Ae99 cannot be calculated, and the ingestion of chicken eggs pathway cannot be
evaluated in the HHRA. The values for BaeKR in Appendix B-1, Table B]-1
(organic COPCs), will be compared against the calculated mass-limited uptake
factor for eggs (shown in Table 7-6), and the smaller of the two values will be
used in the calculation of the chicken egg concentration (AeFx).

Exposure Point Concentration in Wildfowl Eggs

Wildfowl eggs are from wildfowl, which are assumed to consume grain grown in the wild in root-zone
(15 cm depth) soil, as well as surface soil (that is, I cm untilled soil). The equation to determine wildfowl
egg concentrations (EPA 1998a) for all constituents is:

`4eR%(fwl) = \FRraln - YL'grmn(fowd) - Pgrmn(jwl) +Q'raaII(fmvl) - CS' BS)' BQRg(fowl) (Eq. 7-19)
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where:

AeRgff„wg = concentration of COPC or ROPC in wildfowl eggs (mg/kg for COPCs and pCi/g
for ROPCs)

5 FRra;„ = fraction of grain grown on contaminated soil and ingested by the wildfowl
6 (unitless). The recommended default value of 1.0 (EPA 1998a) shown in
7 Table 7-5 as FPI,„, is used for grain.

8 Qps,„;„O;,wp = quantity of grain eaten by the wildfowl per day (kg/day). The recommended
9 value of Qpx,a;„U,wq = 0.2 kg/day (EPA 1998a value for chickens) shown in

10 Table 7-5 as Qpg,a,„(,ry,^kr is used for wildfowl.

11 PK,a,nUwp = concentration of COPC or ROPC in grain that is ingested by the wildfowl (mg/kg
12 for COPCs and pCi/g for ROPCs). P^ra,„Uwq is COPC- and ROPC-specific, site-
13 specific, plant type-specific, and calculated as follows:
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Pgrot„Uwf) - Prag(grni„J

where, for all constituents except carbon-14 and tritium:

Pras(,,m,) is calculated in Eq. 6-23 using 15 cm soil ( root-zone).

For carbon-14 and tritium, PQ,u;„U,wl takes on the plant concentration value
calculated from Eq. 6-21 and Eq. 6-22, respectively.

Qss,;lUwq = quantity of soil ingested by the wildfowl (kg/day). The recommended default
value of 0.022 kg/day (EPA 1998a value for chickens) shown in Table 7-5 as
Qs,.„;l(,h;,ke is used for wildfowl.

Cs = soil concentration at the 1 cm soil depth (mg/kg for COPCs and pCi/g for
ROPCs). Cs is COPC- and ROPC-specific, site-specific, and calculated in Eq. 6-
1 to Eq. 6-4.

Bs = soil bioavailability factor (unitless). The recommended default value of 1.0
(EPA 1998a) is used (see Table 7-5).

Barg, „,q = biotransfer factor for wildfowl eggs (day/kg). Barg,(f,,wq is COPC- and ROPC-
specific and shown as Ba„XR in Appendix B-1, tables B1-1 (organic COPCs), B1-
2(inorganic COPCs), and B1-3 (ROPCs). If no value is available for Bae,,O;,wg,
then ARg(f^wq cannot be calculated and the ingestion of wildfowl eggs pathway
cannot be evaluated in the HHRA. The values for Ba.. in Appendix B-l, Table
B 1-1 (organic COPCs), will be compared against the calculated mass-limited
uptake factor for eggs (shown in Table 7-6), and the smaller of the two values
will be used in the calculation of the wildfowl egg concentration (AQRR y,wq).

Exposure Point Concentration in Wild Game

Wild game animals (such as deer) are assumed to consume forage grown in root-zone (15 cm) soil only.
The equation to determine concentrations in game tissue (EPA 1998a) for all constituents is:

ARome =1F'froRe ' QPf,raRe(d er) ' Pf„ge(der) ) ' Baerer ' MF (Eq. 7-20)
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I where
2
3 Agame = concentration of COPC or ROPC in wild game animals (mg/kg for COPCs and
4 pCi/g for ROPCs)

5 Ff,,,agr = fraction of forage grown on contaminated soil and ingested by the wild game
6 animals (unitless). The recommended default value of 1.0 (EPA 1998a) shown in
7 Table 7-5 as Fia,,, is used for forage.

8 Qpf^,age(dr,,, = quantity of forage eaten by the wild game animals per day (kg/day). A calculated
9 value of Qpf„ox„(dee, = 1.463 kg/day (using values from Higley and Kuperman

10 1996) is used for wild game animals.

11 Pf,,,(d e = concentration of COPC or ROPC in forage that is ingested by the wild game
12 animals (mg/kg for COPCs and pCi/g for ROPCs). Pj,o^,(d,e, is COPC- and
13 ROPC-specific and calculated as follows:

14
15 Pf,.agr(a,,r = Pdf,uRr + Pvf^.aXe + Prox/I.axe
16
17 where, for all constituents except carbon-14 and tritium:
18
19 Pdfo,oge is calculated in Eq. 6-12 to Eq. 6-15

20 Pvf„agr is calculated in Eq. 6-16 to Eq. 6-20

21 Prag&j,,o,,) is calculated in Eq. 6-23 using 15 cro soil (root-zone).

22
23 For carbon-14 and tritium, Pf,^gr(d r takes on the plant concentration value
24 calculated from Eq. 6-21 and Eq. 6-22, respectively.
25
26 Baae., = biotransfer factor for wild game animals (day/kg). Bade, is COPC- and ROPC-
27 specific. The biotransfer factor for beef is used as a surrogate biotransfer factor
28 for wild game animals and is shown (as Babeef) in Appendix B-1, tables B1-]
29 (organic COPCs), B1-2 (inorganic COPCs), and B1-3 (ROPCs). If no value is
30 available for Ba:de,,, then A91m11 cannot be calculated, and the ingestion of game
31 pathway cannot be evaluated in the HHRA. The values for Babe,f in Appendix
32 B-], Table BI-1 (organic COPCs), will be compared against the calculated
33 mass-limited uptake factor for beef (shown in Table 7-6), and the smaller of the
34 two values will be used in the calculation of the wild game concentration (Aga,r).
35
36 MF = Metabolism factor (unitless). MF is COPC- and ROPC-specific. The
37 recommended default MF values of 0.01 for his (2-ethylhexyl) phthalate and 1.0
38 for all other constituents (EPA 1998a) are used (See Table 7-5).
39
40 Feed-to-Animal Tissue Biotransfer Factors: Mass Balance Issues

41 The EPA (1998a) recommended sources for uptake factors (Ba) for organic chemicals sometimes result in
42 animals predicted to take up more chemiical into their tissues than is present in their food.
43
44 For example, for n-dioctyl phthalate, using the default uptake factors, more chemical is predicted to
45 accumulate in beef cattle than is available in their feed. Using an assumed soil concentration of
46 1E-08 mg/kg, the total mass of n-dioctyl phthalate in soil and feed ingested by a steer is 49 mg (calculated
47 as the sum of [concentration of n-dioctyll phthalate in soil and food, such as silage, grain, and forage] x
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I [respective consumption rate of soil and food] x [730 days exposure duration to raise a steer to market
2 weight]). Using the recommended default uptake factor for beef, the predicted total mass of
3 n-dioctyl phthalate in the beef is 2050 mg (calculated as the sum of [concentration of n-dioctyl phthalate
4 in soil and food, such as silage, grain, and forage] x [respective consumption rate of soil and food] x
5 [default beef uptake factor for n-dioctyl phthalate] x [567 kg, the average live weight for cattle taken to
6 slaughter]). Thus, for a given concentration of n-dioctyl phthalate in soil and feed, cattle are predicted to
7 take up more than 40 times the amount of n-dioctyl phthalate than is available in the soil and feed that is
8 ingested over a two-year period (that is, 2050 mg in beef/49 mg in feed).
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A conservative solution to this mass balance problem is to calculate an uptake factor that allows 100 % of
the available chemical to transfer to animal tissue, but no more. This mass-limited uptake factor is not
chemical-specific but rather it is a function of exposure duration and body weight. The feed-to-animal
tissue mass-limited uptake factor is calculated as:

Feed-to-Animal Tissue Uptake Factor = (Exposure Duration) :(Tissue Weight) (Eq. 7-21)

where:

Uptake Factor = mass-limited feed-to-animal tissue uptake factor (days/kg)

Exposure Duration = duration to bring animal to market weight (days)

Tissue Weight = total mass of animal at market weight (kg)

This mass-limited uptake factor assumes that the animals concentrate the entire mass of chemical ingested
into their edible tissue, with no degradation or excretion of the chemical over the exposure duration
period. This mass-limited uptake factor can be used to calculate a conservative estimate of potential dose
and risk to human receptors without defying the law of conservation of mass.

Equation 7-21 is used to estimate mass-limited feed-to-animal tissue uptake factors for beef, pork, and
poultry. Estimating a mass-limited feed-to-animal uptake factor for animal products (that is, milk and
eggs) is slightly different. The mass limited feed-to-animal product uptake factor is a function of the
daily product weight for the animal. The equation for the mass-limited feed-to-animal product uptake
factor is:

Feed-to-Animal Product Uptake Factor = 1=(Daily Product Weight) (Eq. 7-22)

where:

Uptake Factor = mass-limited feed-to-animal product uptake factor (days/kg)

Daily Product Weight = total expected weight of animal product each day (kg/day)

Equation 7-22 is used to estimate mass-limited feed-to-animal product uptake factors for milk and eggs.
All calculated feed-to-animal tissue/product mass-limited uptake factors are shown in Table 7-6. The
final step in this mass-limited uptake factor approach is to compare the uptake factors as specified in the
HHRAP (EPA 1998a) to the calculated mass-limited uptake factors, on a chemical-by-chemical basis for
organic COPCs. The lesser of the two values will be used in the estimation of animal tissue/product
concentrations.
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1 7.1.7.5 Exposure Point Concentrations in Fish
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Exposure point concentrations in fish tissue for the human health evaluation will be modeled as described
here. As noted in section 6.6, this modeling effort is slightly different for the human health and
ecological risk assessments. See section 8 for the modeling required for the ecological risk assessment.
This section describes the models that will be used to calculate fish tissue concentrations and the uptake
factors to be used in these models.

COPCs and ROPCs in fish will be estimated using the equations presented below as recommended by
EPA 1998a. ROPCs will be evaluated using equations similar to those presented for COPCs in
EPA 1998a. Values for the chemical-specific parameters are presented in Appendix B-1; other parameter
values are presented in Table 7-5. It should be noted that the Hanford Surface Environmental
Surveillance Program collects and analyzes fish tissues from the Hanford Reach of the Columbia River.
However, since the SLRA will be conducted prior to release of emissions from the WTP, the fish data
collected does not represent contamination contributed by the WTP and thus cannot be used to calibrate
the fish model.

For organic COPCs other than dioxins, furans, and PCBs, where log K„„, is less than 4, and all inorganic
COPCs and ROPCs with values for BC?. fish concentrations will be estimated as:

COPCs: Cfi,,,, = C,,,,, BCF frF

ROPCs: Crsh = CF -Cd,, - BCF'rs,,

where:

(Eq. 7-23a)

(Eq. 7-23b)

Cfi.,h = concentration of COPC or ROPC in fish (mg/kg for COPCs and pCi/g for ROPCs)

Cd^ = dissolved-phase water concentration (mg/L for COPCs or pCi/L for ROPCs)
calculated in Eq. 6-9

BCFfs, = bioconcentration factor for COPCs and ROPCs in fish (L/kg). BCFf,,h is COPC- and
ROPC-specific and is shown in Appendix B-1, tables Bl-1 (organic COPCs), B1-2
(inorganic COPCs), and B1-3 (ROPCs).

CF = units conversion factor of 1E-03 (kg/g), used in Eq. 7-23b for ROPCs only

For organic COPCs other than dioxins, furans, and PCBs, where log K„„, is greater than 4, and all
inorganic COPCs and ROPCs with values for BAF, fish concentrations will be estimated as:

COPCs: Cf,,h = Cd,, • BAFj,,, (Eq. 7-24a)

ROPCs: Cr,,, = CF • Ca,,, • BAFr,p, (Eq. 7-24b)

where:

Ch.lh = concentration of COPC or ROPC in fish (mg/kg for COPCs and pCi/g for ROPCs)

Cd,, = dissolved-phase water concentration (mg/L for COPCs or pCi/L for ROPCs)
calculated in Eq. 6-9
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1 BAFfsh = bioaccumulation factor for COPCs and ROPCs in fish (L/kg). BAFf,.h is COPC- and
2 ROPC-specific and is shown in Appendix B-1, tables B1-1 (organic COPCs), Bl-2
3 (inorganic COPCs), and B l-3 (ROPCs).

4 CF = units conversion factor of 1E-03 (kg/g), used in Eq. 7-24b for ROPCs only

5

6 For dioxins, forans, and PCBs, fish concentrations will be estimated from sediment concentrations and
7 BSAF values using the following equation:

Cfish =

Csrd - 11ipd' BSAF,

OCsed
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where:

(Eq. 7-25)

Cfis, = concentration of COPC in fish (mg/kg)

Csed = COPC concentration in bed sediment (mg/kg) calculated in Eq. 6-10

fiP;d = fish lipid content (unitless). The recommended default value of 0.07 (EPA 1998a)
is used for fl,,;d (see Table 7-5).

BSAFrsh = biota-to-sediment accumulation factor (unitless) for fish. BSAFfsh is COPC-
specific and is shown in Appendix B-l, Table B1-1.

OCs^d = fraction of organic carbon in bottom sediment (unitless). The recommended
default value of 0.04 (EPA 1998a) is used for OC.,ed(see Table 7-5).

Fish Uptake Factors for Human Health Risk Assessment

In order to estimate fish concentrations from surface water or sediment concentrations, uptake factors are
needed. As discussed in the HHRAP (EPA 1998a), three types of uptake factors are used:

• Bioconcentration factors (BCFs)

• Bioaccumulation factors (BAFs)

• Biota-sediment accumulation factors (BSAFs)

Per the HHRAP, for compounds with log K,,„, less than 4.0, BCFs are used to estimate fish concentrations
from surface water concentrations. For COPCs with log K,,,,, greater than 4.0, except for extremely
hydrophobic compounds (such as, dioxins, furans, and PCBs), BAFs are used to estimate fish
concentrations from surface water concentrations. Since extremely hydrophobic compounds have a high
tendency to bioaccumulate, they are expected to be sorbed to the bed sediments more than being
associated with the water phase. Therefore, BSAFs are used to estimate fish concentrations from
sediment concentrations for dioxins, furans, and PCBs.

The first source of values for BCFs, BAFs, and BSAFs is the HHRAP (EPA 1998a). For values not
available in the HHRAP, a literature search (including the SLERAP [EPA 1999a]) was conducted. For
values not available in literature, the approaches shown below were used to estimate fish uptake factors
(BCFs, BAFs, and BSAFs). The final uptake factors collected or calculated from these sources are
provided in Appendix B-l, tables B1-1 (organic COPCs), B1-2 (inorganic COPCs), and B1-3 (ROPCs).
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For organic COPCs where published BCFs are not available and where log K„„, is less than 4.0, BCFs are
calculated using the following equation, from Lyman and others 1982, and cited in the HHRAP
(EPA 1998a):

log BCFf,,, = -0.23 + 0.76 log Ko„ (Eq. 7-26)

For organic COPCs that are not dioxins, furans, or PCBs, where published BAFs are not available and
where log K,,,,, is greater than 4.0, the following approach is used to obtain BAFs:

I Calculate an estimate of BCF by using the following equation, from Bintein and others 1993 and cited
in EPA 1999a:

log BCFrsh = 0.91 - log K„„, - 1.975 - Qg (6.8E-07 - K„„ +1.0) - 0.786 (( q. 7-27)

2 Obtain food chain multipliers (FCMs) for trophic level 3 and 4 fish.

3 Estimate the BAF using the following equation, from the HHRAP (EPA 1998a):

BAFj;,h = BCFj;,.h - FCM (Eq. 7-28)

where FCM is the largest FCM when considering FCMs for trophic level 3 and 4 fish.

For dioxins, furans, and PCBs where published BSAFs are not available, the approach shown in the
SLERAP (EPA 1999a) will be used to obtain BSAFs. qhis approach uses the following equation from
Southworth and others, 1978 (cited in EPA 1999a):

IogBCFfsh =0.819 - logKo. - 1.146 (Eq. 7-29)

q he BSAF value for the dioxins, furans, and PCBs is assumed to be equal to the BCF calculated using
Eq. 7-29.

7.2 Toxicity Assessment

qhe purpose of the toxicity assessment is to evaluate the potential for COPCs and ROPCs to cause
adverse health effects in exposed individuals. qoxic effects have been evaluated extensively by the EPA.
qhis section provides the results of the EPA evaluation of the COPCs and ROPCs that may be emitted by
the WqP.

7.2.1 General Toxicity Information and EPA Guidance for COPCs

q his section provides the toxicity values that will be used for evaluating COPCs in the PRA and the
source/rationale for these values.

7.2.1.1 Chronic Toxicity of COPCs

43 Chronic toxicity data has been obtained according to the following hierarchy:
44

Page 7-44



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

I I Integrated Risk Information System (IRIS) (EPA 2003b). IRIS is an online database that provides
2 toxicity values for chronic oral and inhalation exposures. All data contained in IRIS is verified by an
3 EPA work group. As such, IRIS serves as the primary source of toxicity values for the risk
4 assessment.

5 2 Health Effects Assessment Summary Tables (IIEAST) (EPA 1997b). HEAST is an EPA
6 document that supplements IRIS by providing nonverified toxicity values. Information in HEAST is
7 used as a secondary source for chemicals when information is not available from IRIS.

8 3 Provisional Values. In the absence of established values from IRIS or HEAST, provisional toxicity
9 valulf arHusl{l irgp spyHal sRurcH (1 atiRnal CIptI-r IRr ( nvirRnp Uptal Assffsp Ipt's [l C( A's]

10 Superfund Technical Support Center, EPA regional toxicologists, and Agency for Toxic Substances
11 and a isease Registry [ATSa R] toxicological profiles).

12 4 Surrogate Values. t hen toxicity values for a chemical are not available from the sources listed
13 above, the use of a surrogate value may be necessary. This process involves applying a toxicity value
14 established for one chemical to another chemical for which no value has been established. The
15 application of surrogate values is based on similarities in structure, mechanism of action, and toxicity.
16 Surrogate values for the Si RA are identified by Ecology and EPA Region 10 (CCN 064330, CCN
17 063814, CCN 063802, CCN 063817, CCN 063818, CCN 063812, CCN 063803).

18
19 The same approach will be used for the toxicity assessment in both the PRA and c RA. Any new toxicity
20 values that become available prior to development of the cRA will be incorporated in the final
21 assessment.
22
23 Chronic Noncarcinogenic Toxicity of COPCs

24 Noncarcinogenic effects of Cl PCs will be evaluated by comparing a calculated intake or dose with an
25 acceptable daily intake criterion (referred to as the reference dose [Rfa ]) established by EPA (1997b,
26 2003b).
27
28 It is widely accepted that most biological effects of chemicals occur only after a threshold dose is
29 exceeded (Klaassen and others 1996, Paustenbach 1989). c or purposes of establishing noncarcinogenic
30 health criteria, this threshold dose is usually estimated from the no observed adverse effect level
31 (NI AEi ) or lowest observed adverse effect level (i I AEi ) determined from animal or human studies.
32 NI AEi is defined as the exposure level at which no statistically or biologically significant increases are
33 present in the frequency or severity of adverse effects (EPA 1989). The i I AEi is the lowest exposure
34 level at which there are statistically or biologically significant increases in frequency or severity of
35 adverse effects (EPA 1989). The i I AEi or NI AEi from the most sensitive animal or human study is
36 used by the EPA to establish long-term health criteria. An Rfa is defined as an estimate (with uncertainty
37 spanning perhaps an order of magnitude) of the dose of a chemical (expressed in mg/kg-day) that is likely
38 to be without an appreciable risk of deleterious effects during a lifetime (EPA 1989). Similarly, a
39 reference concentration (RfC) represents the concentration of a chemical in air (expressed as mg/m3) that
40 is likely to be without an appreciable risk of deleterious effects during a lifetime (EPA 1989). t hen
41 deriving Rfa s or RfCs, a NI AEi value is used preferentially over a i I AEi value if both are available
42 from the key study. EPA derives Rfa s and RfCs by applying uncertainty factors to the NI AEi or
43 i I AEi value to provide a margin of safety. The equation for deriving an Rfa or RfC is shown below:
44
45 Rfa or RfC =(N] AEi or i I AEi )/(r c x Me) (Eq. 7-30)
46
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I where:
2
3

4
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8
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RfD = reference dose (rng/kg-day)

RfC = reference concenl:ration (mg/m3)

NOAEL = no observed adverse effect level (mg/kg-day or mg/m3)

LOAEL = lowest observed adverse effect level (mg/kg-day or mg/m3)

UF = uncertainty factor (unitless)

MF = modifying factor (unitless)

Uncertainty factors can range from I to 10,000 and may include a factor of up to 10 to account for each of
the following:

• Variation in sensitivity within human populations

• Extrapolation of effects observed in animals to humans

• Extrapolation from less-than-lifetime exposures in the critical study to lifetime exposures

• Extrapolation from a LOAEL to a NOAEL, if necessary

In some cases a modifying factor, usually ranging from I to 10 (or <1 for most essential nutrients
[EPA 1989]), also is applied to the NOAEL/LOAEL. This value reflects a qualitative professional
assessment of additional uncertainties in the critical study and in the entire database for the chemical not
explicitly addressed by the above uncertainty factors (EPA 1989). EPA establishes RfDs and RfCs for
evaluating both subchronic ( less than 7 years) and chronic ( 7 years or more) exposures. Chronic Rflls
will be used to evaluate all exposure scenarios, except the acute scenario, and are presented in tables 7-7
(organic COPCs) and 7-8 ( inorganic CC1PCs).

EPA generally reports only RfC values for inhalation in IRiS and HEAST because the EPA observes that
it is technically more accurate to base toxicity values directly on measured air concentrations than to
make an estimate of the administered dose. Inhalation RfDs are calculated from the corresponding RfC
values, when necessary, using the following equation:

where:

RfD =(RfC x IR) / BW (Eq. 7-31)

RID = chemical-specific inhalation RtD (mg/kg-day)

RfC = chemical-specific inhalation RfC (mg/m3)

IR = default inhalation rate (20 m3/day)

BW = default body weight (70 kg)

Uncertainties associated with this type of conversion include those surrounding deposition and absorption
of the chemical in the lung, both of which depend on physico-chemical properties of the chemical, the
phase of the chemical in air (that is, vapor, particle, or particle-bound), and characteristics of the exposed
species. Use of the default inhalation rate of 20 m3/day can also introduce uncertainty where it differs
from the assumed inhalation rate used for a receptor (for example, the Native American subsistence
resident has an assumed inhalation rate of 30 m3/day). EPA recognizes the need for expressing toxicity
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values in terms of a dose (mg/kg-day) for risk assessment purposes and acknowledges that, in many cases,
the conversion of an RfC to a dose does not add significant uncertainty to the risk assessment process
(EPA 1997b). In addition, the appropriateness of this conversion depends on the toxicological endpoint
observed in the key study. For example, it may be inappropriate to estimate an internal dose for
compounds that act at the point of contact (that is, sensitizers and irritants of the upper respiratory tract).
In these cases, the toxicological endpoint depends only on the concentration of the chemical in air and not
on the chemical dose expressed on a per-body-weight basis. For example, a chemical irritant will irritate
nasal passages and lungs at a given concentration regardless of whether the exposed individual weighs
15 kg or 70 kg. In addition, this conversion might inappropriately imply effects to other organ systems or
effects from other exposure routes.

RfC values are provided in tables 7-9 (organic COPCs) and 7-10 (inorganic COPCs). These RfC values
were used to calculate the inhalation RfD values presented in tables 7-7 and 7-8 as described above.

Carcinogenic Toxicity of COPCs

The health risk from exposure to a carcinogen is defined in terms of probability. This probability is
defined as the likelihood of a carcinogenic response in an individual that receives a given dose of a
particular compound. Cancer risks are estimated using chemical-specific slope factors (SFs). For
chemicals, the SF is defined as a plausible upper-bound estimate of the probability of a response (that is,
cancer) per unit intake of a chemical over a lifetime (EPA 1989). An SF is provided for potentially
carcinogenic COPCs in Table 7-7 for organic COPCs and Table 7-8 for inorganic COPCs.

In addition to the quantitative SF, a qualitative weight-of-evidence classification is assigned to
characterize the quality and quantity of data used to evaluate the potential carcinogenicity of chemicals.
As defined by EPA (1989), chemicals may be assigned to any of six weight-of-evidence groups:

• Group A - Human carcinogen (sufficient evidence of carcinogenicity in humans)

• Group B1 - Probable human carcinogen (limited evidence of carcinogenicity in humans)

• Group B2 - Probable human carcinogen (sufficient evidence of carcinogenicity in animals, with
inadequate or lack of evidence in humans)

• Group C - Possible human carcinogen (limited evidence of carcinogenicity in animals, or lack
of human data)

• Group D - Not classifiable as to human carcinogenicity (inadequate or no evidence)

• Group E - Evidence of noncarcinogenicity for humans (no evidence of carcinogenicity in
adequate studies)

27

28
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Consistent with EPA guidance (EPA 1989), chemicals assigned a weight-of-evidence classification of A,
B 1, or B2 are quantitatively evaluated for carcinogenic dose-response. All Group C carcinogens are also
quantitatively evaluated for carcinogenic effects. The list of COPCs includes six Group A carcinogens:
benzene, 1-chloroethene, dichloromethyl ether, arsenic, hexavalent chromium, and nickel (as nickel
refinery dust).

EPA sometimes reports cancer potency as a unit risk (UR) based on chemical concentration in air or
drinking water. For chemicals, the UR is defined as a plausible upper-bound estimate of the probability
of a response (that is, cancer) per unit concentration of a chemical over a lifetime (EPA 1989) and is
expressed in units of risk per µg/m3 (air) or risk per µg/L (water).
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1 Inhalation and oral SFs are calculated from the corresponding UR values, when necessary, using the
2 following equation:
3
4 SF =(UR x BW x CF) / iR (Eq. 7-32)
5
6 where:

SF = chemical-specific inhalation or oral SF (mg/kg-day)-'
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UR = chemical-specific inhalation or drinking water UR (pg/m3)"' or (µg/L)-'

BW = default body weight (70 kg)

CF = conversion factor (1000 µg/mg)

IR = default inhalation rate (20 m3/day) or drinking water ingestion rate (2 L/day)

Expression of the drinking water UR in terms of dose is necessary to evaluate cancer risk associated with
exposure media other than drinking water (such as soil). EPA recognizes the need for expressing toxicity
values in terms of dose (mg/kg-day) for risk assessment purposes and acknowledges that, in many cases,
this conversion does not add significant uncertainty to the risk assessment process (EPA 1997b).
Uncertainties associated with this conversion are similar to those described for the conversion of RfC to
RfD. UR values are provided in Table 7-9 (organic COPCs) and Table 7-10 (inorganic COPCs).

Chronic Dermal Toxicity of COPCs

Oral and inhalation RfDs and SFs are currently available for many of the COPCs. Dermal Rfl7s and SFs
are estimated for COPCs from oral toxicity values using chemical-specific gastrointestinal absorption.
factors (GAFs) to calculate total absorbed dose. This conversion is necessary because most oral RfDs and
SFs are expressed as the amount of chemical administered per time and body weight; however, dermal
exposure is expressed as an absorbed dose. Dermal toxicity factors are calculated from oral toxicity
factors as shown below (EPA 2001 a):

RfDderma = RfDora x GAF (Eq. 7-33)

SFder,,,a, = SFo.,/GAF (Eq. 7-34)

Chemical-specific GAF values are used when available. Not all COPCs have chemical-specific GAF
values. When quantitative data was not available, default GAF values of 0.8 for VOCs, 0.5 for SVOCs,
and 0.2 for inorganics are used (Ecology 2002). GAF values are provided in tables 7-7 and 7-8 along
with the resulting dermal RfD and SFs.

7.2.1.2 Acute Toxicity of COPCs

Acute effects from direct inhalation of airborne COPCs (vapor and particulate) are evaluated by
comparison of modeled one-hour maximum air concentrations to acute inhalation exposure criteria
(AIEC). The AIEC values for COPCs were selected based on the following hierarchy:

I Values from the NCEA (as provided by EPA Region 10)

2 Acute reference exposure levels (ARELs) from California EPA
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3 Acute exposure guideline levels (AEGL-1). If an AEGL-1 value is not available but an AEGL-2
value is available, the AEGL-2 value will be used unless a more conservative value is available from
one of the other sources in the hierarchy.

4 4 Emergency response planning guidelines (ERPG-1)

5 5 Temporary emergency exposure limits (TEEL-1)

7 The AiEC values selected using this hierarchy are provided in Table 7-11. Only one NCEA provisional
8 value (for PCBs) is used. The ARELs from California EPA. include potential effects of intermittent acute
9 exposures. AEGL-1, AEGL-2, and ERPG-1 values are available in units of parts per million (ppm). All

10 units have been converted to mg/m3 in Table 7-11. Values are provided in their original units, along with
11 conversion factors, in Table 7-12.
12

13 7.2.1.3 Toxicity of COPCs to Nursing Infant
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Potential infant exposures to PCDD/PCDFs and coplanar PCBs in human breast milk will be evaluated in
the SLRA. The interpretation of infant exposure is limited by the lack of infant dose-response data. EPA
Region 6 (EPA 1998b) recommends evaluating infant exposures to dioxins in breast milk by comparing a
site-specific calculated dose to the infant (ADD;of) to a background ADD;r.

A background infant ADD of 64 pg/kg-day of PCDD/PCDFs as 2,3,7,8-tetrachlorodibenzo-p-dioxin toxic
equivalents (TEQ) has been calculated by the EPA based on an average background 2,3,7,8-TCDD TEQ
concentration of 17 parts per trillion (ppt) measured in breast milk (Lorber and Phillips 2002).

This background approach will also be used for evaluating potential risks to the nursing infant for
exSRynre tR"GRxiQ^" pl~ 3 CBV 7 he eVlp DeGGRV (D,/2,3,7,8-7 CDD e3u1vp0Q0,) RI FM("
PCBs will be compared to a background infant dose of 23 pg/kg-day (from maternal milk concentration
of 8 ppt per Lorber and Phillips 2002). In addition to evaluating dioxin and PCB exposures separately, a
total infant dose of dioxin-like compounds (PCDDs/PCDFs and coplanar PCBs expressed as 2,3,7,8-
TCDD equivalents) will be calculated and compared to a total background dose of dioxin-like compounds
of 87 pg/kg-day. This background dose may overestimate current exposures because dioxin exposures
have been decreasing for many years. The source of this value and potential range of background doses
will be discussed further in the uncertainty assessment of the PRA report.

This approach is based on the assumption that, if the estimated dose to a nursing infant from site-related
dioxins is below the nationwide background dose of dioxins to nursing infants, the site-related risk of
cancer or noncancer effects is not significant.

According to the Office of the r S Surgeon General (2000), "6FIeQtIIIF evlCeQFz VljeVrthij hup DQp I4aI
contains an abundance of factors that are active against infection. Breastfed infants, compared to
formula-fed infants, produce enhanced immune responses to polio, tetanus, diphtheria, and common
respiratory infections. Recent research also suggests that breastfeeding reduces the risk of chronic
diseases among children, including diabetes, inflammatory bowel disease, allergies and asthma, and
childhood cancer. These positive effects have been noted despite the ubiquitous presence of dioxin and
GlgclQ3+ pRp SRu(PViQthe EreD,t p I4DdRi 8 .6. wRp eQ"

In discussing infant exposure to background concentrations of dioxins, EPA (1994b) notes that
"FreDtIeeQQg 10E0,01ye higher I013,^VRI QRxiQDQQre(QyeGpRp SRuQGORr D*Rrt Eut
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developmentally important part of their lives. However, the benefits of breast feeding are widely
rFpognizHl to outwHgh thHrisks."

Although background intakes of dioxins by nursing infants (64 pg/kg-day, i orber and Phillips 2002) are
relatively high compared to adult intakes (1 to 3 pg/kg-day, EPA 1998a), the body burden of nursing
infants is only about two times that of adults, and the contribution of infant exposure to adult body burden
is small. The reduced body burden in nursing infants (relative to intake) may be due to the rapid growth
of the infant and a faster elimination/excretion rate in infants. Background concentrations of dioxins in
environmental media have been declining in the r nited States since the 1970s. The background exposure
to adults and nursing infants is expected to continue to decline (EPA 2000e).

Transplacental transfer of dioxins from the mother to the fetus may also be a significant source of
exposure. Dioxins may produce a broad range of effects in experimental animals exposed in-utero, and
limited epidemiological studies have been conducted (EPA 2000e). Potential effects (cancer or
noncancer, including developmental effects) of prenatal exposures are not included in the quantitative
evaluation of risk.

EPA 2003e, Supplemental Guidance for Assessing Cancer Susceptibility from Early-Life Exposure to
Carcinogens, provides draft EPA guidance for evaluating early-life exposures to carcinogens. This
guidance recommends that cancer risk (including risk from infant exposure to breast milk) be calculated
as i ADD times a cancer Sc, but notes that the timing of exposure to carcinogens may be important,
specifically:

• Early life exposures to carcinogens may have a larger or smaller impact on lifetime cancer risk than
later exposures, even if the total lifetime exposure is the same.

• Exposures near the end of life may have little effect on lifetime cancer risk.

EPA 2003e recommends calculating a combined lifetime risk rather than separate infant, child, and adult
risks. To account for the potential impact of the timing of exposure on risk, EPA 2003e recommends
calculating lifetime risk as:

o isk = E[ADD x (ED/70) x Ac x Sc z (Eq. 7-35)

where:

ADD = average daily dose for the receptor (mg/kg-day)

ED = exposure duration for the receptor (years)

70 = lifetime (years)

Ac = adjustment factor for cancer slope factor for mutagenic chemicals (unitless)

Sc = cancer slope factor (tng/kg-day)"l

c or mutagenic chemicals, early life exposures have a larger impact than later exposures on lifetime risk.
This impact can be quantified using the Pollowing adjustments (EPA 2003e):

• c or exposures before 2 years of age, a 10-fold adjustment

• c or exposures between 2 and 15 years of age, a 3-fold adjustment

• cor exposures after 15 years of age, no adjustment
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For carcinogens that act by mechanisms other than mutagenicity, early life exposure may have a larger,
smaller, or no impact on lifetime cancer risk. This impact would be chemical- or mechanism-specific and
cannot be quantified at this time; therefore, no adjustment factor is recommended. The potential impact
of exposures near the end of life also cannot be quantified.

7 Radionuclides are mutagens; therefore, these adjustment factors will be used in calculating lifetime risks
8 for nursing infants exposed to ROPCs. PCDDs/PCDFs and PCBs are not mutagens; therefore, lifetime
9 risk for these compounds will be calculated with no adjustment to the SF.

10
11 There is currently no consensus regarding the most appropriate single approach to quantitatively evaluate
12 potential risks associated with exposure to dioxin-like compounds by nursing infants. Alternative
13 approaches to the two methods described above (that is, comparison to background and lifetime risk)
14 include calculating infant risks using (1) the infant ADD calculated with a one-year exposure duration and
15 a one-year averaging time, and (2) the infant LADD calculated with a one-year exposure duration and a
16 70-year averaging time. These alternative methods will be presented in the uncertainty assessment of the
17 PRA report.
18
19 7.2.2 Toxicity Information and EPA Guidance for Specific COPCs

20 The toxicity assessments for several COPCs and classes of COPCs with unique toxicity characteristics or
21 methods for assessment are described below.
22
23 7.2.2.1 Chromium

24 Hexavalent chromium (Cr+6) is the most toxic valence state of chromium and has been shown to be a
25 human carcinogen through inhalation. Trivalent chromium (Cr") has not been shown to be carcinogenic
26 in either humans or laboratory animals; however, the mechanism of Cr+6 carcinogenicity in the lung is
27 believed to be its reduction to Cr±3 and its generation of reactive intermediates (Goyer 1996 in Klaassen
28 and others 1996). While chromium emitted from the melter is not likely to be in the hexavalent form, the
29 PRA will conservatively assume that 100 % of the facility emissions are hexavalent chromium
30 (EPA 1998a).
31
32 For the FRA, chromium may be assumed to exist in the trivalent form. If this assumption is made in the
33 FRA, the rationale will be provided at that time. Performance test data or design information may also be
34 used to provide more realistic estimates of Cr+6/Cr+3 emissions from the WTP for the FRA.
35
36 7.2.2.2 Lead

37 The EPA has not derived an RID or SF for lead. The potential for adverse health effects associated with
38 exposure to lead will be characterized through comparison of predicted air and soil concentrations with
39 the following health-based levels as recommended by EPA Region 6 (EPA 1998a).
40

EPA Region 6
Exposure Medium Health-Bas ed Target Level for Lead

Soil 100 mg/kg

Air 0.2 µg/m3

Page 7-51



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

The target level for soil is based on acceptable lead concentrations in blood. The EPA recommends that
lead exposures be limited so that 95 % of the sensitive subpopulation (children) will have blood lead
concentrations below 10 µg/dL. EPA modeling estimates that lead levels in the blood of at least 95 % of
children exposed to soil lead concentrations of 400 mg/kg will have blood lead concentrations below
10 µg/dL. EPA Region 6 has incorporated a margin of safety by allowing only 25 % of this 400 mg/kg
threshold level as their recommended target level of 100 mg/kg.

9 The recommended target level of 0.2 µg Iead/m' for air is 25 % of the National Ambient Air Quality
10 Standard (NAAQS) quarterly average air concentration of 1.5 µg/m3 translated to an annual value of
11 0.9 µg/m3.
12

13 7.2.2.3 Nickel

14 EPA (1998a) recommends that nickel be evaluated as an inhalation carcinogen because some forms of
15 nickel, including nickel carbonyl, nickel subsulfide, and nickel refinery dust, are considered to be
16 carclQgeq. 7hls Is cgOrary tR( 3A's grevl:Rus analysis of the toxicity of nickel emissions from
17 hazardous waste combustion units because it was previously assumed that nickel can only be emitted as
18 nickel oxide which, by itself, is not considered to be a carcinogen. Nickel oxide is a major component of
19 nickel refinery dust (other major components include nickel subsulfide and nickel sulfide), which is
20 identified as a potential human inhalation carcinogen. The components responsible for the
21 carcinogenicity of nickel refinery dust have not been conclusively established. Therefore, nickel
22 emissions are evaluated as a potential carcinogen through the inhalation pathway using the inhalation Sc
23 for nickel refinery dust. c or exposure pathways other than inhalation, nickel has not been shown to be
24 carcinogenic and will be evaluated as a noncarcinogen using the oral Rfa for nickel-soluble salts.
25

26 7.2.2.4 Particulates

27 Toxicity values (that is, Rfa s) are not available to quantitatively evaluate potential adverse health effects
28 associated with inhaling particulates. Therefore, modeled annual average concentrations of respirable
29 particulates will be compared with the following NAAQS values:
30

Particle Diameter NAAQs value'

< 10 µm (PMIo) 50 µg/m3

< 2.5 µm (PM2.5) 15 µg/m3

aValues are for annual average concentrations.

31
32 c or air modeling purposes, it is assumed that all particulates released from the facility will have a
33 diameter of I µm; therefore, the PM2,5 standard will be used for comparison to predicted air
34 concentrations.
35

36 7.2.2.5 Polycyclic Aromatic Hydrocarbons

37 Potential cancer risks associated with the seven polycyclic aromatic hydrocarbons (PAe s) considered to
38 be carcinogenic (benzo [a]pyrene, benzo[a]anthracene, benzo[b]fluoranthene,benzo[k]fluoranthene,
39 chrysene, dibenz[a,h]anthracene, and indeno[1,2,3-cd]pyrene) will be evaluated using a toxicity
40 equivalency approach. Adequate toxicity data is available to determine an Se only for benzo[a]pyrene. A
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9
10
11
12

relative potency factor (RPF) is assigned to each of the other six carcinogenic PAHs.as compared to
benzo[a]pyrene. Using the method, exposure concentrations are converted to equivalent concentrations of
benzo[a]pyrene by multiplying the concentration by the appropriate RPF. This approach results in
toxicity equivalent (TEQ) concentrations of each carcinogenic PAH. The SF for benzo[a]pyrene will then
be used to evaluate risk from the equivalent concentration of each PAH. RPFs, available from
EPA (1993a), are presented in Table 7-13. This method will be applied to both oral and inhalation
exposure pathways. One limitation to this approach is that it does not measure point-of-action effects.

RPFs are available from California EPA (CaIEPA) for additional potentially carcinogenic PAHs and may
be considered if PAHs are determined to be important risk drivers (that is, cancer risks close to 10-5) at the
facility. CaIEPA RPFs are available for the following PAHs (CARB 1994):

benzo[a]pyrene 7H-dibenzo[c,g]carbazole 1-nitropyrene

benz[a]anthracene dibenzo[a,e]pyrene 4-nitropyrene

benzo[b]fluoranthene dibenzo[a,h]pyrene 1,6-dinitropyrene

benzo[j]fluoranthene dibenzo[a,i]pyrene 1,8-dinitropyrene

benzo[k]fluoranthene dibenzo[a,l]pyrene 6-nitrochrysene

dibenz[a,j]acridine indeno[1,2,3-cd]pyrene 2-nitrofluorene

dibenz[a,h]acridine 5-methylchrysene chrysene

13
14
15
16
17
18
19
20
21

22
23

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

No RID values are available for evaluating noncancer effects for PAHs of interest. If PAHs are predicted
to be important emissions from the facility based on their estimated cancer risks, surrogate toxicity values
may be considered. Any selection of surrogates would be conducted by Ecology and EPA toxicologists.
The WTP will provide Ecology and EPA with a list of PAHs for which surrogate values are needed.
PAHs with Ecology/EPA-provided surrogates will then be included in the quantitative evaluation. PAHs
lacking Ecology/EPA-approved surrogates will be evaluated qualitatively in the uncertainty assessment in
the PRA.

7.2.2.6 Polychlorinated Dibenzo-p-dioxins, Polychlorinated Dibenzofurans, and

Polychlorinated Biphenyls

Chlorinated dioxins, chlorinated dibenzofurans, and chlorinated biphenyls are thought to act through a
common mechanism of toxicity by binding to a protein known as the arylhydrocarbon receptor (AR) (for
review, see ATSDR 1997 or WHO 1998). The AR-ligand complex is responsible for the activation of

gHZFF "D'HDd19MU12is fJ11F)WhHQ*Y Db1QRWQdHSiRSH)tM(b^Ey WH[bFl-SWs hRiP gQFF•
Interaction of dioxins and similar compounds with AR, therefore, can cause immunological, neurological,
endocrine, embryotoxic, and many other effects.

The similarity in action of these compounds is thought to result from their structural similarity. Dioxin is
composed of two benzene rings joined by two carbon-oxygen-carbon bonds on two adjacent carbons of
each benzene ring. Dibenzofurans have two benzene ringsjoined by a carbon-oxygen-carbon bond and a
carbon-carbon bond on two adjacent carbons of each benzene ring. Biphenyls consist of two benzene
ringsjoined by a single carbon-carbon bond. To form the polychlorinated derivatives, chloro groups are
attached at various locations, as designated in the names of the compounds. Benzene rings are planar
(that is, flat) in conformation. Because two adjacent carbons on each benzene ring arejoined in dioxins
and dibenzofurans, both benzene rings are held in the same plane, and the chloro groups are also in that
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40
41
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43
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47
48

plane. Therefore, these molecules are said to be coplanar. The coplanar structure appears to be essential
for interaction with AR. The benzene rings in biphenyl can rotate relative to each other, unless there are
added groups that interfere with rotation (such as 2,2',6,6'-chloro groups, which occupy the carbons
immediately on both sides of the carbon-carbon bond joining the rings). PCB congeners that are able to
form a coplanar molecule (and are called coplanar PCBs) can interact with AR when they are in that
configuration. Therefore, coplanar PCBs are included among the COPCs with similar action to dioxins
and dibenzofurans.

Potential cancer risks associated with PCDDs/PCDFs and coplanar PCBs will be evaluated using the
cancer SF for 2,3,7,8- TCDD of 1.0E+06 (mg/kg-day)" proposed in the Exposure and Human Health
Reassessment of2,3,7,8-Tetrachlorodib,znzo p-Dioxin (TCDD) and Related Compounds (EPA 2000e) at
the direction of Ecology and EPA Region 10 (CCN 063809). While the proposed SF has not yet been
approved by EPA, it is more conservative than the current SF published in HEAST.

A discussion of risk results using both the current (HEAST) and proposed (dioxin reassessment) SFs will
appear in the uncertainty section of the PRA.

Because these contaminants have a common mechanism of action, it is assumed that their toxicity to biota
is additive (WHO 1998, EPA 1998a). That is, the risks from all dioxins, dibenzofurans, and coplanar
PCBs will be added.

Polychlorinated Dibenzo-p-dioxins and Polychlorinated Dibenzofurans

EPA (1998a) recommends evaluating all PCDD/PCDF congeners with chlorine molecules substituted in
the 2, 3, 7, and 8 positions as carcinogens. Potential cancer risks associated with these PCDD/PCDFs will
be evaluated using a toxicity equivalency approach. This approach assigns a relative toxicity of each of
the seventeen 2,3,7,8-substituted PCDDs/PCDFs as compared to 2,3,7,8-TCDD. Using the method,
exposure concentrations are converted to equivalent concentrations of 2,3,7,8-TCDD by multiplying the
concentration by the appropriate toxicity equivalence factor (TEF). This conversion results in TEQ
concentrations of each congener. The SF for 2,3,7,8-TCDD is then used to evaluate risk from the total
TEQ concentration. The most recent TEFs, available from the World Health Organization (WHO 1997)
and provided in Table 7-13, will be used.

Toxicity values are not available for evaluating potential noncancer effects of PCDDs/PCDFs.
EPA (1998a) recommends evaluating potential noncancer hazards by comparing predicted exposures to
the national average background exposure levels of I to 3 pg/kg-day for adult and child receptors.

Polychlorinated Biphenyls

Coplanar PCBs and PCDDs/PCDFs are similar structurally and may act through common mechanisms of
toxicity. EPA (1996c) is implementing the use of dioxin TEFs for coplanar, dioxin-like PCBs. Using this
approach, exposure concentrations of coplanar PCBs are converted to equivalent concentrations of
2,3,7,8-TCDD by multiplying the concentration by the appropriate TEF. The SF for 2,3,7,8-TCDD is
used to evaluate risk from the total TEQ concentration. Potential cancer risks associated with coplanar
PCB emissions will be estimated using TEFs available from WHO (1997) and listed in Table 7-13. Note
that TEFs are available for 12 of the 14 coplanar PCBs.

The estimated dose of coplanar PCBs, expressed as 2,3,7,8-TCDD equivalents, will be added to the total
rf* DW d32sHRf diRxiq DQd usFd )y FEV 1314)kAW[?15Nf1RP "diRxiQOW FRP slmuQi s iQDldivJ?Q)V
evaluating coplanar PCB dose separately.
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2 Other (noncoplanar) PCBs will be evaluated using the SF for PCBs shown in Table 7-7. EPA ( 1996c)
3 recommends different SFs for different exposure routes and chlorine contents. The most conservative SF
4 (that is, SF from the high-risk persistence tier) is presented in Table 7-7 and will be used for the PRA.
5
6 Noncancer effects of PCBs will be evaluated using the RfD for Aroclor-1254.
7
8 7.2.3 Surrogate Values

9 When chemical-specific toxicity values for a chemical are not available, the use of a surrogate value may
10 be necessary. This process involves applying a toxicity value established for one chemical to another
11 chemical for which no value has been established. The application of surrogate values is based on
12 similarities in structure, mechanism of action, and toxicity. The following surrogate values for the SLRA
13 have been identified by Ecology and EPA Region 10:
14
15 • m-, o-, and p-Xylene - xylene mixed isomers will be used.

16 • 2-methylnaphthalene - naphthalene will be used.

17 • Petroleum hydrocarbons - The Washington State Model Toxics ControlAct (Ecology 2001) method
18 will be used to calculate surrogate toxicity values for the inhalation pathway for hydrocarbons lacking
19 chemical-specific values.

20
21 7.2.4 Toxicity Information and EPA Guidance for ROPCs

22 This section provides the toxicity values that will be used for evaluating ROPCs in the PRA and the
23 source/rationale for these values.
24

25 7.2.4.1 Chronic Noncarcinogenic Toxicity of ROPCs

26 ROPCs are not evaluated for noncarcinogenic effects. However, the stable form of ROPCs with
27 noncarcinogenic effects are evaluated as COPCs. For example, the potential cancer effect of Sr-90 is
28 evaluated as an ROPC while the potential noncancer effects of stable strontium are evaluated as a COPC.
29 The list of inorganic COPCs includes the stable form of 12 ROPCs (antimony, barium, cadmium, cobalt,
30 iodine, nickel, selenium, strontium, tin, uranium, yttrium, and zirconium).
31

32 7.2.4.2 Carcinogenic Toxicity of ROPCs

33 Ionizing radiation, and therefore all ROPCs, is considered to be a Group A carcinogen. Cancer risk from
34 exposure to ROPCs through ingestion, inhalation, and external exposure to radionuclides in soil is
35 estimated using a SF. Ingestion and inhalation SFs are central estimates from a linear model of the
36 age-averaged, lifetime radiation cancer incidence risk per unit of activity inhaled or ingested, and are
37 expressed in units of risk/pCi (that is, pCi-'). Ingestion SFs are taken from the Health Effects Assessment
38 Summary Tables (HEAST) 2001 Update (EPA 2001b) and are tabulated separately for ingestion of tap
39 water, dietary intakes, and incidental soil ingestion. Inhalation SFs (EPA 2001 b) are provided separately
40 for inhalation of particulates and vapors or gas.
41
42 For external exposure to radionuclides in soil, SFs are central estimates of lifetime radiation cancer risk
43 for each year of exposure to external radiation from photon-emitting radionuclides distributed uniformly
44 in a thick layer of soil. These SFs are expressed as risk/yr per pCi/gram soil (that is, [pCi-yr/g]-'). The
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SFs provided for external exposure in HEAST (EPA 2001b) are derived from risk coefficients listed in
Federal Guidance Report No. 13 (FGR No. 13) (EPA 1999g) that assume an infinite depth of
contaminated soil. For the WTP, however, it is expected that ROPCs will be deposited on the surface and
will be uniformly distributed over the top 1 cm of soil and not to an infinite depth (EPA 1998a).
FGR No. 12 (EPA 1993b) also provides dose coefficients for a soil depth of 1 cm. HEAST SFs are,
therefore, adjusted using dose coefficients provided in FGR No. 12 (EPA 1993b), assuming that risk
coefficients (and SFs) scale proportionally with dose coefficients and depth. Using this approach,
adjustments to HEAST factors are made using the following equation (CCN 064328):

10 CSFadj = CSFxrasr x (DC1 = DC;I) (Eq. 7-36)

12 where:
13
14 CSFadj = adjusted cancer slope factor for 1 cm depth

15 CSFHrAST = HEAST factor for an infinite depth

16 DCi = FGR No. 12 dose coefficient for 1 cm depth

17 DC;J = FGR No. 12 dose coefficient for infinite depth

18
19 The resulting depth-corrected SFs are provided in Table 7-14.
20
21 Cancer risk (morbidity) from external exposure to ionizing radiation in air is evaluated using a cancer risk
22 factor (RF) expressed in units of (Bq-secs/m3)-1 . RFs are obtained from FGR No. 13 (EPA 1999g) and
23 are provided in Table 7-14.
24
25 6gp H5 2 3 Cs EMgivl-p VYl-lsuffix "+D" )KinQFORWEVfDiFHniSNH* EM using VulfH6) s inNIIC}q
26 contributions to toxicity from short-lived decay products. For example, the +D slope factor for Sb-125
27 includes the contribution of Te-1 25m, which is assumed to be in equilibrium with the parent. Risks are
28 calculated using these +D SFs. Because the +D SFs for Sr-90 and Cs-137 include the contributions from
29 their short-lived decay products v-90 and Ba-137m, separate risks are not calculated for these decay
30 products (v -90 and Ba-137m). n uantifiying separate cancer risks for v -90 and Ba-137m, in addition to
31 using +D slope factors for Sr-90 and Cs-137, would result in double counting the toxicity of these two
32 ROPCs.
33
34 7.2.4.3 Chronic Dermal Toxicity of ROPCs

35 Dermal absorption of ROPCs will be evaluated for tritium. The internal dose from immersion in a plume
36 of tritiated water vapor is approximately 50 % from inhalation and 50 % from dermal absorption (Till and
37 Meyer 1983); therefore, dermal absorption of tritium will be accounted for in the exposure assessment by
38 multiplying the inhalation dose for this ROPC by 2. Dermal absorption of other ROPCs will not be
39 evaluated because this pathway is considered to be insignificant compared to inhalation for all ROPCs
40 except tritium (see Appendix B-3 for further discussion).
41

42 7.2.4.4 Acute Toxicity of ROPCs

43 Acute effects from a one-hour exposure to ROPCs will be estimated based on a total acute dose limit of
44 0.1 rem: Appendix B-3 provides a review of the literature that establishes the basis for defining a i OAEi
45 for radionuclides. Based on this literature review, the lowest dose where clinically significant
46 nonstochastic effects (that is, the acute effects of radiation) have been observed is approximately 10 rem.
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Applying the California EPA methodology from The Determination ofAcute Reference Exposure Levels
for Airborne Toxicants (CaIEPA 1999), a default uncertainty factor of 10 is applied to convert this
LOAEL to a NOAEL of I rem. The acute dose limit is then estimated by applying a second default
uncertainty factor of 10 to account for intraspecies variability to provide protection to sensitive
subpopulations. For radiation effects, children represent a sensitive subpopulation. This acute dose limit
applies to a single exposure and does not account for intermittent exposures. This approach is very
conservative. Unless 5 rem to 25 rem are delivered in a very acute exposure, there would be no adverse
effect; by using 0.1 rem, one would not anticipate any effect at this level. It must be noted that the one-
hour radionuclide exposure is not comparable to the one-hour chemical exposures, and 0.1 rem is not an
acute criterion.

For each of the ROPCs, acute radionuclide exposure criteria (AREC) corresponding to an acute dose of
0.1 rem were calculated as described below. The calculated ARECs include two exposure pathways
associated with submergence in a cloud of particulate and vapor phase radionuclides: external gamma
exposure and inhalation. The following equations were used to calculate ARECs for these two pathways:

External Gamma Exposure:

ARECE = DL / (CDE x CF1 x CFz x ET x CF3 x CF4) (Eq. 7-37)

Inhalation:

AREC= DL / (CDE x CF1 x CF2 x BR x ET x CF4) (Eq. 7-38)

Total:

ARECR= 1 /(1 /ARECE + 1 /AREC) (Eq. 7-39)

where:

ARECE = acute radionuclide exposure criteria for external gamma (µCi/cm)

ARECI = acute radionuclide exposure criteria for inhalation ( pCi/cm3)

ARECR = total acute radionuclide exposure criteria ( µCi/cm3)

DL = dose limit of 0.1 rem (100 mrem)

CDE = committed dose equivalent for radionuclide i(Sv-m3/Bq-s for external gamma;
SvBq for inhalation)

CF1 = conversion factor (mrem/Sv)

CFz = conversion factor (Bq/µCi)

ET = acute exposure time (I hr)

CF3 = conversion factor (s/hr)

CF4 = conversion factor (cm3/m3)

BR = breathing rate of standard man (1.2 m'/hr)

ROPC decay products are represented in the calculation based on their respective decay probabilities.
3Wnt tLURmFQCEs rV glven the "+D" Gesignl}IRn tginQbyje thlj CeNy sLROFts [V FRnsICeLryG
Table 7-14 lists the parent and decay products included in the calculations. The following equation was
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used to calculate the committed dose equivalent (CDE) for the combination of a parent and decay product
radionuclides:

. CDE+D = E CDE, x f. (Eq. 7-40)

where:

CDE+D = committed dose equivalent for radionuclide i and its daughter products

10

11
12
13
14
15
16
17
18
19
20
21
22

23

24
25

26
27
28

29

30
31
32
33
34
35
36

37
38
39
40
41
42
43

CDE; = committed dose equivalent for radionuclide i

f = decay probability of radionuclide i

The calculated ARECs shown result in a dose of 0.1 rem from each of the 46 ROPCs; therefore, when
combined for a1146 ROPCs, these concentrations would result in a total dose of 4.4 rem. These
concentrations are adjusted to ensure that the overall dose from al146 ROPCs will not exceed 0.1 rem for
an acute exposure of one hour as shown below:

ARECM = ARECR /44 (Eq. 7-41)

where:

AREC,y = acute radionuclide exposure criteria for ROPC i corrected for the presence of
multiple ROPCs (µCi/cm)

ARECR = acute radionuclide exposure criteria for ROPC i as calculated above (µCi/cm3)

44 = total number of individually quantified ROPCs (Ba-137m and Y-90 are included as
daughter products and are not quantified separately)

The ARECm values for each of the ROPCs are provided in Table 7-15.

7.2.4.5 Toxicity of ROPCs to Nursing Infant

Nursing infant scenarios will be evaluated for exposure to 90Sr,1291,'34Cs, and'37Cs. Background
concentrations of 90Sr, 1291, 134Cs, and'37Cs in human breast milk are not available. The potential toxicity
of these ROPCs to an infant will be evaluated using the ingestion SF for each of the ROPCs to calculate
lifetime cancer risk as described in section 7.2.1.3. Radionuclides are mutagens; therefore, the adjustment
factors listed in section 7.2.1.3 will be applied for this lifetime risk calculation.

7.3 Risk Characterization

The purpose of the risk characterization is to evaluate the information obtained through the exposure
(section 7.1) and toxicity (section 7.2) assessments to estimate the potential for receptors to experience
adverse effects (cancer risks and noncancer hazards) as a result of exposure to media contaminated by
emissions from the WTP. Potential health risks will be characterized separately for noncarcinogenic and
carcinogenic endpoints, and chemical (that is, nonradiological) and radiological cancer risks will be
evaluated and presented separately.
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7.3.1 Risk Characterization for Carcinogens

2 For carcinogens, risk is expressed as the probability that an individual will develop cancer over a lifetime
3 as a result of exposure to a carcinogen. Cancer risk from exposure to contamination is expressed as
4 incremental lifetime cancer risk (ILCR), or the increased chance of cancer above the normal background
5 rate of cancer. Cancer risk from external exposure to ionizing radiation in air is expressed in terms of
6 morbidity.

8 Cancer risk is estimated for each potentially carcinogenic COPC and ROPC as:
9

10
11
12
13
14
15
16
17
18
19
20
21
22

For all pathways except exposure to ROPCs in air:

ILCR = LADD x SF (Eq. 7-42)

23
24
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For exposure to ionizing radiation in air:

ILCR = LADD x RF (Eq. 7-43)

where:

LADD = lifetime average daily dose (mg/kg-day, or pCi [ingestion or inhalation of ROPCs],
or pCi-yr/g [external exposure to ionizing radiation in soil] or Bq-sec/m3 [external
exposure to ionizing radiation in air])

SF = cancer slope factor ( [mg/kg-day]-' or pCi' for ingestion or inhalation of ROPCs, or
[pCi-yr/g]-' for external exposure to ionizing radiation in soil)

RF = cancer incidence risk factor (Bq-sec/m3)-'

The threshold for the total ILCR for COPCs, the total ILCR for ROPCs, and the chemical-specific ILCR
for COPCs and ROPCs is 1 E-05 or I in 100,000 exposed individuals (EPA 1998b).

7.3.1.1 Additivity of Dioxins and PCBs

Chlorinated dioxins, chlorinated dibenzofurans, and coplanar chlorinated biphenyls are similar
structurally and may act through common mechanisms of toxicity. Because they may have a common
mechanism of action, it is assumed that the toxicity of these chemicals is additive (WHO 1998,
EPA 1998a). This additivity is addressed in the risk characterization by presenting a total risk from
PCDDs, PCDFs, and coplanar PCBs in addition to presenting individual risks from these chemicals.

7.3.1.2 Additivity of Other Potential Carcinogens

The assumption of strict additivity of chemical carcinogens assumes that (1) intakes of individual
chemicals are small, and (2) there is no interaction among chemicals (that is, no synergism or
antagonism). Uncertainties associated with the assumption of additivity of chemical carcinogens will be
discussed in the uncertainty section of the PRA. Despite the uncertainty, a total ILCR from exposure to
all carcinogenic COPCs will be calculated as the sum of the chemical-specific ILCRs.

The assumption of strict additivity of cancer risk from radionuclides is much less uncertain. A total ILCR
from exposure to all ROPCs will be calculated as the sum of the radionuclide-specific ILCRs.
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2 7.3.2 Risk Characterization for Noncarcinogens

3 Noncarcinogenic health hazards are characterized using a hazard quotient (HQ) and hazard index (HI)
Q approach. ThHHQ is thl-p-atio ol thHcalculatHl ADD to thHrIJHHTHor "sall-j' dosHas showQbUjow:
5
6 HQ=Aaa/ota (bq.T-W
T
8 where:
9

10

11

12

13
IQ
15
16
IT
18
19
20
21

22

23

2Q

25

26

2T

28

29

30

31

32

33

3Q

35

36

3T

38

39

Q)
Q1

Q?
Q5

HQ = hazard quotient (uniitless)

Aa a = average daily dose (mg/kg-day)

o fa = reference dose (mg/kg-day)

HQs will be calculated for each noncarcinogenic Cl PC. 0 I PCs having potential health effects not
associated with radioactivity (that is, noncancer effects) will be evaluated as inorganic Cl PCs. An HQ of
1 or less indicates that the chemical-specific Aa a is below the level associated with adverse effect. An
HQ threshold level of 0.25 has been selected as a risk management decision by bcology and bPA 0 egion
10 to provide a conservative evaluation of hazard and is consistent with other bPA guidance (bPA
1998b).

Additivity of Noncarcinogens

Multiple chemical exposures can result in synergism, antagonism, and/or additivity of biological
responses when the chemicals act on similar target organs or when they are metabolized by the same
enzymatic pathways. Additivity of noncarcinogenic health effects should only be considered if the
chemicals have the same toxicological endpoint (for example, organ or enzyme system), which implies
the same mechanism of action. Additivity for all chemicals will initially be assumed for the Pi o A
regardless of toxicological mechanism or endpoint. This approach is likely to overestimate the true
human health risks associated with exposure to the Cl PCs since many chemicals may act on different
target organs. If the target HI is exceeded, a segregation of the HI by toxicological endpoint will be
considered. If segregation by toxicological endpoint is used, chemical groupings by endpoint will be
assigned with approval by bcology and bPA. In addition to multiple chemicals, receptors may be
exposed through more than one pathway. As bPA (1989) notes:

There are two steps required to determine whether risks or hazard indices for two or
more pathways should be combined for a single exposed individual or group of
individuals. The first is to identify reasonable exposure pathway combinations. The
second is to examine whether it is likely that the same individuals would consistently
Iacgthff`rI-psoQabll-Ip axip up 1+posurpj' Ior p orI-IthaQoQ1-1pathway.

The simplified equation for calculating a generic HI is presented below:

(bq. T-U)

An HI threshold level of 0.25 will be used in the Pi 0 A to provide a conservative evaluation of hazard.
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1 7.3.3 Risk Characterization for Acute Effects
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Acute health hazards are characterized using an acute hazard quotient (AHQ). The HQ is the ratio of the
one-hour acute air concentration to the appropriate acute reference value as shown below:

COPCs: AHQ = Ca;,/AiEC (Eq. 7-46a)

ROPCs: AHQ = Co;,/AREC,y (Eq. 7-46b)

where:

C. = one-hour acute air concentration (mg/m3 or µCi/m3)

AHQ = acute hazard quotient (unitless)

AIEC = acute inhalation exposure criteria (mg/m)

AREC,y = acute radionuclide exposure criteria (µCi/cm3)

As defined by the above equation, an AHQ of I or less indicates that the maximum one-hour air
concentration is below the reference value. An AHQ threshold level of I is used to provide a
conservative evaluation of hazard per EPA (CCN 063809).

7.4 Uncertainty in Human Health Risk Assessment

This section provides an overview of some of the primary sources of uncertainty unique to the HHRA.
Uncertainties associated with the COPC and ROPC selection, emission rates, and environmental
modeling, described in previous sections, also contribute to the uncertainty in the HHRA. As described in
Chapter 10 of this RAWP, an uncertainty assessment will be included in the SLRA to evaluate the
contributors to, and potential impact of, uncertainty in the risk assessment.

7.4.1 Uncertainty in Exposure Assessment

Sources of uncertainty in the exposure assessment include:

• Contaminant concentrations in exposure media
• Land-use assumptions

• Selection of representative human receptor populations and exposure parameter values

Each of these sources of uncertainty in the exposure assessment is described briefly below.

Contaminant Concentrations in Exposure Media

The uncertainty associated with estimating exposure concentrations in air, soil, surface water, sediment,
and plants is described in section 6.7 of this RAWP. The HHRA also includes ingestion of animal
products (such as beef and eggs). The uptake models used to estimate contaminant concentrations in
animal products are highly uncertain. Conservative assumptions used to compensate for this uncertainty
include the assumption that animals feed exclusively on contaminated plants and the use of conservative
uptake factors, including some mass-limited uptake factors.
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Land-Use Assumptions

2 Land use can change at any time; therefore, even defining current land use (that is, during WTP
3 operations) has some uncertainty associated with it, and defining future land use (that is, after WTP
4 shutdown) has even greater uncertainty. To compensate for this uncertainty, receptors are assumed to be
5 present at the locations of maximum concentration regardless of actual land use at those locations. For
6 example, a current residential scenario will be evaluated at the Hanford offsite maximum regardless of
7 whether or not this location is presently in residential use.
8
9 Selection of Representative Receptor Populations and Exposure Parameter Values

10 Every individual is unique, with different activity patterns (for example, amount of time spent at home or
11 work) and different physiologic characteristics (for example, body weight). Therefore, modeling broad
12 categories of receptors (for example, resident) introduces uncertainty because (1) a limited number of
13 general receptor categories are evaluated, and (2) exposure parameters are assigned within each receptor
14 category to represent the activity patterns and physiologic characteristics of that receptor type. To
15 compensate for this uncertainty, receptor types representing the highest potential for exposure are
16 evaluated in the risk assessment, and these receptors are modeled using upper-bound assumptions to
17 describe their activity patterns. For example, evaluation of a resident who is assumed to be at home 24
18 hours per day, 350 days per year at the point of maximum contaminant concentration will overestimate
19 the risk to many other receptor types not included in the quantitative risk assessment, such as a school
20 child at the same location who may be at school 8 hours per day, 180 days per year.
21
22
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While most assumptions used in the HHRA are designed to overestimate risk, some assumptions could
underestimate the risk because of prior experience. For example, dermal exposure to contaminants in soil
and air will not be included in the PRA'because dermal exposure pathways have been identified as
insignificant contributors to risk in numerous risk assessments prepared or reviewed by EPA for airborne
emissions from thermal treatment facilities.

7.4.2 Uncertainty in Toxicity Assessment

Sources of uncertainty in the toxicity assessment include uncertainties surrounding the following:

• Toxicity values (RfDs and SFs)
• Cancer weight-of-evidence classifications
• Toxicity value data gaps
• Route-to-route extrapolations

Each of these sources of uncertainty in the toxicity assessment is described briefly below.

Toxicity Values

Because most of the toxicity values (Rff)s and SFs) are based on laboratory exposures of animals, actual
effects of environmental exposures to humans in unknown. Therefore, EPA-derived toxicity values are
designed to provide an upper-bound estimate of risk (for example, by incorporating numerous uncertainty
factors).
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I Cancer Weight-Of-Evidence Classification

2 Uncertainty in the cancer weight-of-evidence classification will be considered in the HHRA by evaluating
3 all Class A (human carcinogen), Class B (probable human carcinogen), and Class C (possible human
4 carcinogen) chemicals as carcinogens.
5
6 Toxicity Value Data Gaps

7 The lack of toxicity data for some COPCs will contribute to an underestimation of risk if these chemicals
8 are present in the emissions and are toxic to humans at the concentration emitted.
9

10 Route-To-Route Extrapolations

11 Uncertainties are associated with the estimation of dermal toxicity values from oral values, and the
12 conversion of toxicity values from exposure concentration to dose (that is, UR to SF, RfC to RfD).
13
14 7.4.3 Uncertainty in Risk Characterization
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The risk characterization combines the results of the exposure assessment and toxicity assessment;
therefore, all of the uncertainty in these two steps, as well as the steps prior to the exposure assessment
(for example, fate and transport modeling), contributes to the uncertainty in the risk characterization.
Additional uncertainty in the risk characterization step surrounds the practice of summing cancer risks
and noncancer hazard results across all chemicals and exposure pathways, regardless of the mode of
action, as described below.

The assumption of strict additivity of chemical carcinogens that will be used in the SLRA assumes that
(1) intakes of individual chemicals are small, and (2) there is no interaction among chemicals (that is, no
synergism or antagonism). The assumption of strict additivity of cancer risk from radionuclides is much
less uncertain than for chemicals because the mode of action is the same for all radionuclides.

Multiple chemical exposures to noncarcinogens can result in synergism, antagonism, and/or additivity of
biological responses when the chemicals act on similar target organs or when they are metabolized by the
same enzymatic pathways. The assumption of additivity will be used in the SLRA and is likely to
overestimate the true human health risks associated with exposure to the COPCs, since many chemicals
may act on different target organs.

In addition to multiple chemicals, receptors may be exposed through more than one pathway. As the
EPA (1989) notes:

There are two steps required to determine whether risks or hazard indicesfor two or
more pathways should be combinedfor a single exposed individual or group of
individuals. The first is to identify reasonable exposure pathway combinations. The

second is to examine whether it is likely that the same individuals would consistentlyface
the "reasonable maximum exposure "for more than one pathway.

To maintain the conservative bias of the risk assessment, it is assumed that each receptor is exposed to all
COPCs and ROPCs by all pathways.
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7.4.4 Summary of Uncertainty

Human health risk assessment is a multi-step process and uncertainty is introduced at all steps of the
process, including COPC and ROPC selection, estimating emission rates, environmental modeling,
exposure assessment, toxicity assessment, and risk characterization. Whenever possible, conservative
assumptions are used to compensate for uncertainties so that the final estimate of risk represents an
overestimate, rather than an underestimate, of risk to actual receptor populations.

8 As described in section 10 of this RAWP, an uncertainty assessment will be included in the SLRA to
9 evaluate the contributors to, and potential impact of, uncertainty in the risk assessment. The purpose of
10 the uncertainty assessment is to identify and discuss areas of uncertainty associated with the quantitative
11 estimates of risk for the WTP. This discussion serves to place the risk estimates in proper perspective to
12 allow fully informed risk management decisions.
13
14 7.5 Summary for Human Health Risk Assessment

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Risks to human health from the potential emission of COPCs and ROPCs result from (1) exposure to the
COPC or ROPC, and (2) the toxicity of the COPC or ROPC. The screening HHRA utilizes estimated
emission rates (section 5) and results of the fate and transport modeling (section 6) to calculate potential
human exposure to COPCs and ROPCs. This exposure information is combined with toxicity data to
estimate the potential for adverse effects to human populations in the vicinity of the WTP.

The PRA will use conservative exposure assumptions to compensate for the high level of uncertainty
associated with conducting a risk assessment for a facility that is still in the design phase. The PRA will
include a qualitative uncertainty analysis.

COPCs or ROPCs that exceed risk goals in the PRA will be revisited to determine whether unrealistic
parameters were assigned to them in the PRA. If the analysis conducted in the PRA is considered
reasonable, it may be necessary to alter operational or design characteristics of the WTP in order to be
within acceptable risk limits.

The FRA will focus on COPCs and ROPCs that exceed risk goals in the PRA and may utilize additional
site-specific emission, fate and transport, and exposure data collected after completion of the PRA.
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Table 7-1 Human Receptor Populations and Exposure Pathways for the PreliminaryRisk Assessment for the Hanford WTP
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Table 7-2 Exposure Parameters for Human Health Risk Assessment: Hanford Site
Industrial Worker Scenario'

Parameter IDescription Un i ts Value Used"

Exposure at Work

EF Exposure frequency da s ear 250`

ED Exposure duration years 20

BW Body weight kg 70

ATc Averaging time for carcinogens years 70

AT, Averaging time for noncarcinogens years 20

IR Inhalation rate m'/hour 1.5`

CR,o;j Ingestion rate for soil kg/day 0.00020

CRd,,. Ingestion rate for drinking water L/day 2`

ET Exposure time for inhalation hr/day 8

Fi Fraction of media from contaminated area unitless 1

Se Shielding factor for external exposure to ROPCs in soil unitless 0.4d

ETa Exposure time factor for outdoor exposure to ROPCs in soil unitless 4/24`

ET; Exposure time factor for indoor exposure to ROPCs in soil unitless 4/24`

AF AV factor for external ex osure to ROPCs in air unitless lr

Residential Exposure of Workerg

EF Exposure fre uenc da s/ ear 350
ED Exposure duration years 30

IR Inhalation rate m3/hour 0.833`

CR,„;r Ingestion rate: soil kg/day 0.0001`

CR,!„ Ingestion rate: drinking water (workdays) L/day 1`

CRd,, Ingestion rate: drinking water (non-workdays) L/day 2`

ETw Exposure time for inhalation: workdays hr/day 16

ETR Exposure time for inhalation: non-workdays hr/day 24

Se Shielding factor for external exposure to ROPCs in soil unitless 0.4d

AF Age factor for external exposure to ROPCs in air unitless 1 f

FI Fraction of media from contaminated area unitless 1`
ED Exposure duration years 30

ETo Exposure time factor for outdoor exposure to ROPCs in soil unitless 0.06'

ET, Exposure time factor for indoor exposure to ROPCs in soil unitless 0.94"

CRo Consumption rate: aboveground unprotected produce kg/kg-day DW 3.00E-04

i;R Consumption rate: aboveground protected produce kg/kg-day DW 5.70E-04

CRy Consumption rate: belowground produce kg/kg-day DW 1.40E-04

Nursin Infant of Worker
Infant

EF Exposure fre uenc da s ear 365

ED Exposure duration years

BW,„a„, Bodyweight kg 7.2'

AT Avera in time years 1

IR,„,k Ingestion rate: breast milk kg/day 0.8
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Table 7-2 Exposure Parameters for Human Health Risk Assessment: Hanford Site
Industrial Worker Scenario'

Parameter Descri tion Units Value Used'

CF Conversion factor pg/mg I.OOE+09

h Half-life of COPC/ROPC in adult days CS'
ft Fraction of ingested COPC/ROPC stored in fat unitless 0.9

f1 Fraction of mother's weight that is fat unitless 0.3

f3 Fraction of mother's breast milk that is fat unitless 0.04
f4 Fraction of ingested COPC/ROPC that is absorbed unitless 0.9

ROPC = Radionuclide of potential concern

° The worker is assumed to be a resident during the hours per day and days per year not spent at work.

Exposure parameters from DOE-RL 1995, unless otherwise noted.

`EPA Region 10 personal communication (CCN 064331).

° EPA 2000a. Soil Screening Guidance for Radionuclides: User's Guide, EPA/540-R-00-007.

` Assumes worker spends 4 hours at work in outdoor activities and 4 hours at work in indoor activities.

rSaito and others (1998).

e Default exposure parameters from Human Health Risk Assessment Protocol for Hazardous Waste Combustion

Facilities (EPA ]998a), unless otherwise noted.

'Exposure factors Handbook (EPA 1997a). Child farmer is assumed to be the same as the adult. Adult and child fisher

are assumed to be the same as the farmer.

Body weight of infant 0 to 12 months old per CCN 063806.

CS = Constituent specific values for h:

2,3,7,8-TCDD 2555 days

PCBs 2555 days

Cesium-134 114 days

Cesium-137 114 days

Iodine-129 138 days

Strontium-90 2907 days
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Table 7-3 Exposure Parameters for Human Health Risk Assessment: Residential Scenarios

Value Used'

Parameter Description Units Adult Child

All Residential Scenarios°

EF Exposure frequen cy da s/ ear 350 350

BW Body weight k 70 15

AT, Averaging time for carcinogens years 70 70

AT, Averaging time for noncarcinogens years ED ED

IR Inhalation rate m'/hour 0.833` 0.417`

CRo,,. Ingestion rate: drinking water L/day 2` I`

ET Ex sure time for inhalation hr/da 24 24

Se Shieldin g factor for external exposure to ROPCs in soil uni0ess 0.4° 0.4d

AF Age factor for external exposure to ROPCs in air unitless 1.3`

F; Fraction of media from contaminated area unitless 1`

Resident
ED Exposure duration ezrs 30 6

CR,jt Ingestion rate: soil kg/day 0.0001` 0.0002'

ETa Exposure time factor for outdoor exposure to ROPCs in soil unitless 0.06f 0.23r

ET, Exposure time factor for indoor exposure to ROPCs in soil unitless 0.94t 0.77f

CRo Consumption rate: aboveground unprotected produce kg/kg-day DW 3.OOE-04 4.20E-04

CR, Consumption rate: aboveground protected produce kg/kg-day DW 5.70E-04 7.70E-04

CRy Consumption rate: belowground produce kg/kg-day DW 1.40E-04 2.20E-04

Resident Subsistence Farmer

ED Exposure duration years 40 6

CRso;, Ingestion rate: soil kg/day 0.0002'" 0.0002'

C Consumption rate: aboveground unprotected produce kg/kg-day DW 1.756E-03s 1.756E-031

C Consumption rate; aboveground protected produce kg/kg-day DW 1.364E-03" 1.364E-03"

CRy Consumption rate: belowground produce kg/kg-day DW 5.52E-04' 5.52E-04'

CRyre Consumption rate: beef kglkg-day FW 4.20E-03' 1.90E-03'

CR,,;t,t

a

Consumption rate: milk kg/kg-day FW 4.40E-031 4.40E-031

CR Consumption rate: pork kg/kg-day FW 2.00E-03' 1.501<03'

CR Consumption rate: poultry kg/kg-day FW 2.27E-03' 1.60E-03'

C ^

l

Consumption rate: eggs kg/kg-day FW 1.60E-03' 1.30E-02'

ETo Exposure time factor for outdoor exposure to ROPCs in soil unitless 0.42t 0.42r

ET, Exposure time factor for indoor exposure to ROPCs in soil unitless 0.58f 0.58`

Resident Subsistence Fisher

ED Ex osure duration years 30 6

Ingestion rate: soil kg/day 0.0001' 0.0002`

E

Consumption rate: aboveound unprotected produce kg/kg-day DW 3.00E-04 420E-04

ate: aboveound protected produce kg/kg-day DW 5.70E-04 7.70E-04

Consumption rate: belowground produce k^kg-day DW 1.40E-04 2.20E-04

, Consumption rate: fish kg/kg-day FW ^ 1.17E-03 7.59E-04

ETo Exposure time factor for outdoor exposure to ROPCS in soil unitless 0.42` 0.42`

ET; Exposure time factor for indoor exposure to ROPCs in soil unitless 0.58f 0.58

Nursing Infant of Resident
Infant

EF Exposure fre uen da s/ ear NA 365

Page 7-68



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

Table 7-3 Exposure Parameters for Human Health Risk Assessment: Residential Scenarios

Value Used'

Parameter Descri tion Units Adult Child

ED Exposure duration years NA 1

BW,,,m„ Body weight kg NA 7.2k

AT Averag ing time years NA I

IR^jIk Ingestion rate: breast milk kg/day NA 0.8

CF Conversion factor ps/mg; NA I AOE+09

h Half-life of COPC/ROPC in adult days NA CSI

f, Fraction of ingested COPC/ROPC stored in fat unitless NA 0.9

fz Fraction of mother's weight that is fat unitless NA 0.3

fs Fraction of mother's breast milk that is fat unitless NA 0.04

f,, Fraction of ingested COPC/ROPC that is absorbed unitless NA 0.9

ROPC = Radionuclide of potential concem.

COPC = Chemical of potential concem.

NA =Not Applicable.

' Default exposure parameters from Htunan Health RiskAssessment Prolocolfor Hazardoas Waste Combustion

Facilities (EPA 1998a), unless otherwise noted.

b These exposure parameters apply to the resident, resident subsistence farnrer, and resident subsistence fisher scenarios.

`EPA Region 10 p¢sonal communication (CCN 064331).

° EPA 2000a. Soil Screening Guidance for Radionuclides: User's Guide, EPA/540-R-00-007.

`Saito and others (1998).

rExposure factors Handbook (EPA 1997a). Child fanner is assumed to be the same as the adult. Adult and child fisher are

assumed to be the same as the fatmer.

s The consumption rates for aboveground unprotected produce are based on the 95th percentile per capita intakes of exposed

fruits (7.009 g/kg-d) and aboveground exposed vegetables (4.7 gikg-d) for the West Region of the US (EPA 1997a). Intake rates

are converted from "as consumcd" basis to "dry weight" basis, assuming 85 % water content for the fruits and vegetables

[II2 (dry weight) = IR (as consumed) x (1 - 0.85)]. Thus, the total aboveground unprotected produce consumption rate is

1.051E-03 kBJkg-d (exposed fruits) + 7.05E-04 kg/kg-d (exposed aboveground vegetables) = 1.756E-03 kg/kg-d (per CCN 064331).

s The consumption rates for aboveground protected produce are based on the 95th percentile per capita intakes of protected

fruits (7.836 g/kg-d) and protected aboveground vegetables (1.257 gikg-d) for the West Region of the US (EPA 1997a). Intake

rates are converted from "as consumed" basis to "dry weight" basis, assuming 85 % water content for the fruits and vegetables

[IR (dry weight) =1R (as consumed) x(1 - 0.85)]. Thus, the total aboveground protected produce consumption rate is

1.175E-03 kg/kg-d (protected fruit) + 1.89E-04 kg/kg-d (aboveground protected vegetables) = 1.364E-03 kglkg-d (per CCN 064331).

' The consumption rates for belowground produce are based on the 95th percentile per capita intakes of root vegetables

(3.683 g(lcg-d) for the West Region of the US (EPA 1997a). Intake rates are convened from "as consumed" basis to "dry weight"

basis, assuming 85 % water content for the root vegetables [E2 (dry weight) = II2 (as consumed) x(1 - 0.85)]. Thus, the total

belowground produce consumption rate is 5.52E-04 kg/kg-d (per CCN 064331).

t Consumption rates are based on 95th percentile intakes for home-produced meat products from the West Region of the US

(EPA 1997a per CCN 064331).

r Body weight of infant 0 to 12 months old per CCN 063806

'CS = Constituent specific values for h:

2,3,7,8-TCDD 2555 days

PCBs 2555 days

Cesium-134 114 days

Cesium-137 114 days

lodine-129 138 days

Strontium-90 2907 days
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Table 7-4 Exposure Parameters for Human Health Risk Assessment: Native American Subsistence
Resident Scenario'

Value Used"

Parameter Descri ption Units Adult Child

EF, Exposure frequency at residence days/year 353 353

EF Exposure frequency at Gable Mountain days/year 12 12

EF Exposure frequency for ingestion of food and drinking water daystyear 365 365

ED

Exposure duration (ingestion of soi!1, inhalation of resuspended soil,

external exposure to soil, ingestion of food products, inhalation and dermal

contact in arweat lodge , ingestion o1' drinking water) ears 70 6`

ED Exposure duration (Inhalation of emissions, external exposure to air) ears 40° 6`

BW Body weight kg 70 15`
ATC Averaging time for carcinogens years 70 70

ATN Averaging time for noncarcinogens years ED ED

IR Inhalation rate m'/hour 1.250 0.625'

CRm;r Ingestion rate: soil kg/day 0.0002 0.0002f

CRa,,. Ingestion rate: drinking water L/day 3 1.5s

FT Exposure time for inhalation of emissions and resuspended soil hr/day 24 24

F, Fraction of media from contaminated area unitless I I

Se Shielding factor for external exposure to ROPCs in soil unitless 0.4" 0.4'

ET, Exposure time factor for outdoor exposure to ROPCs in soil unitless 0.42' 0.42'

ET, Exposure time factor for indoor exposure to ROPCs in soil unitless 0.58' 0.58'

AF A e factor for external exposure to ROPCs in air unitless P 1.3t

CR, Consumption rate: aboveground unprotected produce kg/kg-day DW 1.247E-03k 1.247E-03"

CR Consumption rate: aboveground protected produce kg/kg-day DW 1.827E-03' 1.827E-03'

CRa Consumption rate: belowground produce kg/kg-day DW 7.06E-04' 7.06E-04'

C Consumption rate: venison, elk, and other game tissue kg/kg-day FW 3.57E-03" 1.60E-03"

CR^f^ Consumption rate: poultry and wild fowl kg/kg-day FW 3.29E-04° 2.30E-04°

Consumption rate: eggs kg/kg-day FW 3.00E-04° 2.10E-04°

Consumptionrate:fish kg/kg-dayFW 7.71E-03' 5.00E-03°

R

Consumption rate: fish par[s (e.g., head, fms, tails, etc.) kg/kg-day FW 7.71E-04° 5.00E-040

Sweat Lod e Ex osures

Ex osure fre uenc for sweat lod e da s/ ear 365 365

Volume of water used in sweat lodge L 4 NA

VW Volume of water in sweat lodge air at 100 % humidity L 0.349 NA

D Diameter of sweat lod e in 2 NA

ET Ex osure time for sweat lodge hr/da 4' NA

SA Dermal Surface Area mz 2 NA

Nursin g Infant of Native American Subsistence Resident
Infant

EF Exposure frequency da , ear NA 365`

ED Exposure duration ears NA Ir

BW; ",,, Body weight kg NA 7.2'

AT Aver h time ars NA lr

IR,,;,R Ingestion rate: breast milk kg/day NA 0.742

CF Conversion factor pg/mg NA 1.00E+09

h Half-life of COPC/ROPC in adult da s NA Cr

fr Fraction of ingested COPC/ROPC stored in fat unitless NA 0.9`

fi Fraction of mothers weight that is fat unitless NA 0.3'
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Table 7-4 Exposure Parameters for Human Health Risk Assessment: Native American Subsistence
Resident Scenario°

ValueUsed"

Parameter Descri p tion Units Adult Child

fs Fraction of mother's breast milk that is fat unitless NA 0.04r

fa Fraction of ingested COPC/ROPC that is absorbed unittess NA 0.9`

ROPC = Radionuclide of potential concern.

COPC = Chemical of potential concern.

NA =Not Applicable.

CS = Constituent-specific values for h:
2,3,7,8-TCDD 2555 days Cesium-134 114 days lodine-129 138 days
PCBs 2555 days Cesium-137 114 days Strontium-90 2907 days

°These exposure parameters apply to the subsistence hunting, gathering, and fishing.

° Default exposure parameters from A Native American Exposure Scenario (Harris and Harper 1997), unless otherwise noted.

ED and BW values for children are consistent with those found in Human Health Risk Assessment Protocol (HHRAP) (EPA 1998a).

° Exposure duration for direct exposure to emissions in air is set equal to operation duration of the facility.

The inhaltion rate of 30 m3/day for adults (CCN 064333) was converted to m3/hr by dividing by 24 hours per day.

The child inhalation rate is assumcd to be one-half that of the adult.

'Adult soil ingestion rate is from Harris and Harper 1997; this same rate (200 mg/day) is commonly used as a chil8s soil

ingestion rate (EPA 1989). Therefore, this same rate is used for the Native American child soil ingestion rate.

° Value obtained from personal communication with B. Harper (CCN 063811).

'EPA 2000a Soil Screening Guidance for Radionuclides: User's Guide, EPA/540-R-00-007.

Assumes Native American exposure time factors are similar to resident subsistence f2mrer.

Saito and others (1998).

a The consumption rates for aboveground unprotected produce are based on the 95th percentile per capita intakes of exposed fruits

(4.157 g/kgd) and aboveground exposed vegetables (4.155 g4rg-d) for Native Americans (EPA 1997a). Intake rates are converted

from "as consumed" basis to "dry weight" basis, assuming 85 % water content for the fivits and vegetables OR (dry weight) _

IR (as consumed) x(i - 0.85)]. Thus, the total aboveground unprotected produce consumption rate is 6.24E-04 kg/kg-d (exposed

fruits) + 6.23E-04 kgtkg-0 (exposed aboveground vegetables) = 1.247E-03 kglkg-d (per CCN 063805).

t The consumption rates for aboveground protected produce are based on the 95th percentile per capita intakes of protected fnuts

(10.354 g&g-d) and protected aboveground vegetables (1.826 g/kg-d) for Native Americans (EPA 1997a). Intake rates are converted

from "as consumed" basis to "dry weight" basis, assuming 85 % water content for the fruits and vegetables OR (dry weight) =

IR (as consumed) x(1 - 0.85)]. Thus, the total aboveground protected produce consumption rate is 1.553E-03 kgikg-d (protected

fruits) +2.74E-04 kglkg-d (aboveground protected vegetables) = I.827E-03 kg/kg-d (per CCN 063805).

m The consumption rates for belowground produce we based on the 95th percentile per capita intakes of root vegetables (4.705 gikg-0)

for Native Americans (EPA 1997a). Intake rates are converted from "as consumed" basis m"dry weight" basis, assuming 85 % water

content for the root vegetables OR (dry weight) = IR (as consumed) x(1 - 0.85)]. Thus, the total belowground produce consumption

rate is 7.06E-04 kgArg-d (per CCN 063805).

"Adult ingestion rate of 250 g/day for a 70 kg adult from Harris and Harper (1997). Child ingestion rate is baced on 9.6 %of the adult

value of 250 g/day and a child body weight of 15 kgs (per CCN 063805).

° Reported Native American consumption rate of 44 g/day of fowl includes both bird and eggs (Harris and Harper 1997); based on a

mtio of 0.54 poultry:0.491 eggs for non-Native American intakes (Tables 1 1-5 and 11-7 in EPA 1997a), the fowl intake of44 g/day is

subdivided as 23 gJday fowl and 21 g/day eggs. The adult consumption rate is then calculated from the corresponding body weight of

70 kgs. The child consumption r°te for fowl is based on 14.9 % (3.4 g/day) of the adult rate of 23 g/day and a child body weight of ] 5

kgs. The child consumption one for eggs is based on 15.1% (3.17 g/day) of the adult rate of2l g/day and a child body weight of 15 kgs

(per CCN 063805).

'Adult consumption rate of fish is estimated based on ingestion rate of 540 g/day and adult body body weight of 70 kg. Child

consumption rate of fish is based on 14 % (75.6 gtd) of the adult rate of 540 g/day and a child body weight of 15 kg. Adult consumption

rates for fish parts are based on 10 % (54 g/day) of the fish consumption rate of 540 g/day and an adult body weight of 70 kgs. Child

consumption rates for fish parts are based on 14 % (7.56 g/d) of thc adult rate of 54 g/day and a child lwdy weight of 15 kg (per CCN 063805).

For a hemispheric sweat lodge of 2m diameter (2.094 m' total volume) at a temperature of 150 degrees F and 100 %humidiry.

'Values from infant ingestion of breast milk scenario in EPA 1998a.

'Body weight of infant O to 12 months old per CCN 063806.

'CCN 064333.
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Table 9-5 Modeling Parameters for Estimating Exposure Point Concentrations in Biota for Human Consumption

Parameter Description

Value

Used' Units Used to Estimate

Fora,,, Fraction of plant grown on contaminated soil and ingested by the specific animal being

modeled - applies to all plant types (produce, forage, silage, grain are possibilities)

eaten by the animal being modeled 1 uni0ess

Beef, milk, pork, chicken/fowl,
eggs, deer

Qp „m e, Quantity of forage eaten by beef cattle per day 8.8 kg DW plant/day Beef

Qp o,,, e,,,rr Quantity of forage eaten by dairy cattle per day 13.2 kg DW planNday Milk

Qp , e „ Quantity of forage eaten by swine per day 0 kg DW plant/da Pork

QP om e mrd.^ Quantity of forage eaten by chicken per day 0 kg DW plant/day Chickenffowl, eggs

Qp „ e,e. Quantity of forage eaten by deer per day 1.463" kg DW planVday Deer

QPnrce.m^ Quan[ity of silagc eaten by beef cattle per day 2.5 kg DW plantfda Beef

Qv.m,^,r.na Quantity of silage eaten by dairy cattle per day 4.1 kg DW planUday Milk

Qprr,,,r Quantity of silage eaten by swine per day 1.4 kg DW plant/day Pork

Qp„m . a,,e.,^ Quantity of silage eaten by chicken per day 0 kg DW plant/day Chicken/fowl, eggs

QP,rm , eK. Quantity of silage eaten by deer per day 0 its DW lant/da Deer

Qp,o;,, „ Quantity of grain eaten by beef cattle per day 0.47 kg DW lant/day Beef

Qp ;,,,„r Quantity of grain eaten by dairy cattle per day 3 kg DW plant/day Milk

Qp,,,,,, ,y Quantity of grain eaten by swine per day 3.3 kg DW planlJday Pork

Qp ;,,,.h,^r,,, Quantity of grain eaten by chicken per day 0.2 kg DW plant/day Chicken/fowl, eggs

Qp ,,,;,, e,er Quantity of grain eaten by deer per day 0 kg DW lamJday Deer

Qs,,;r „ Quantity of soil eaten by beefoattle per day 0.5 kg/day Beef

Qs,a r „nn Quantity of soil eaten by dsiry cattle per day 0.4 kg/day Milk__ _

Qs,o,r Quantity of soil eaten by swine per day 0.37 kg/day Pork

Qs,^,r u,,,,h„ Quantity of soil eaten by chicken per day 0.022 kg/day Chicken/fowl, eggs

Qs,o,r e.., Quantity of soil eaten by deer per day 0 kg/day Deer

Bs Soil bioavailability factor I unitless

Beef, milk, pork, chicken/fowl,

eggs, deer

MP Me[abolism factor for Bis(2-ethylhexyl)phthala[c (DEHP) 0.01 unitless Beef, milk, pork, deer

Metabolism factor for all other constituents I unitless Beef, milk, pork, deer

fr, ,r Fish li id content 0.07 unitless
Fish

OC,Qe Fraction of organic carbon in bottom sediment 0.04 unitless Fish

'Parameters taken from Human Health Risk Asressment Protocol (HHRAP) (EPA 1998a) unless otherwise noted.

sCalcula[ed per AHRAP (EPA 1998a) using site-specific Yr>6„g.

`Fresh yield value of 1500 kg/ha reported for Richland, Washington, in Estimating Grazing/and Yieldfrom CommonlyAvaila67e Data (Wisiol 1984) converted to dry yield

assuming 87 % moisture oontent The calculation is made as follows:

(I500 kg/ha fresh yield) x(1 ha! 10,000 tn') x(1 - 0.87)=0.0195 kg/m? dry yietd.

From Sample and others 1997. Value is calculated based on a deer body weight of 66.5 kg and forage ingestion rate of 0.022 its DW plantlkg Body Weight/day. The calculation is

(66.5 kg Body Weight) x (0.022 kg DW plant/kg Body Weight/day) = 1.463 kg DW plant/day.

Page 7-72



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

Table 7-6 Mass Limited Feed-to-Animal Tissue Biotransfer Factors

Tissue Type Ex osure Duration
Mass-Limited

Mass of Tissue or Product Biotransfer Factor

AnimalTissue' days kg FW

Beef 730 Montana 4-H 1996 ) 567 WA Ag Statistical Service 2001 1.3
Pork 162 (Iowa State Univ. 4-H 1992) 99.8

(
Iowa State Univ. 4-H 1992) 1.6

Poultry
rritory Govt. of

42
^orthern

Te1999)Australia
2 6(MD Ag Statistical Service 2001) 16.2

AnimalProdncts" days k FW/day
Milk 1 milk production is pe day 28 (WA Ag Statistical Service 2001) 0.036

Eggs 1 egg production is per day
(WA Ag Statistical Service 2001

0.044 and measured wei ht 22.5

' Mass-limited biotransfer factors for animal tissue calculated as Exposurc duration (days) / Mass of tissue (kg FW).

° Mass-limited biotransfer factors for animal products calculated as 1/daily product weight (kg FW/day).
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Table 7-7 Toxicity Values for Human Health Risk Assessment: Organic COPCs

CAS

Regivtry

Chronic Re4rence Dose (RIV)

m -de

Caneer S1ope Facror (SF)

EPA
CheminlotPotmtiaLConcern Number AP' Oral Dermal Inbdation` Oral Dermal Iuhalaficn CVSs

Aromafic Halo enated H drocarbons

2,34,6,Tetraebloro henol 58-90-2 0.50 3.00E-02 r 1.50E-02

4-Cldoro-3-metL 1 henol 59-50-7 0.50

Aromadc Nonlul eneted H roearbnm

2-Ni°mroluene 88-72-2 O.BO I.00E-02 r 8.00E-03

4-Mnobi hen I 92-93-3 0.50

Bcmaldeh dc 100-52-7 O.BO 1.00E-01 8.00E-02

Brnxene 71-03-2 0.80 1.00E-03 8.00E-04 2.57E-03 5.50E-02 6.88E-02 2.73E-02 rj A t

Be 1"Icohol 100-51-6 0-50 3.00E-01 ° 1.50E-01

E Ibeozcac 100-41-0 0.60 I.00E-01 800E-02 2.86E-01 D'

m-X lcnc 108-38-3 0.60 2.00E-01 1.60E-01 2.86E-02 t

o-X lene 95-074 0.60 2.00E-01 ° 1.60E-01 2.86E-02 ^

X lene 106-42-3 0.80 2.00E-01 1.60E-01 2.86E-02 ^

S ene 100-02-5 0.80 2.00E-ot 1.60E-0] 2.86E-01

Toluene 108-8&3 0.80 2.00E-0I I.bDE-01 1.14E-01 D r

Non-nromat icNoohnlo ated H roearbom

1,2-E o butanc 106-88-7 0.50 5J1E-03

I,3-Bumdicne 106-99-0 0.80 -

--

5.71E-04 1.05E-01 4 B2

1,4Dioxane 123-91-I 0.80 5.71E+00 t 1.10E-02 1.38E-02 B2 r

1-Moth I lalrqhol 78-92-2 0.50 5.71E+00

- - _1-Nitr a e 108-03-2 0.50 5.71E+00 s

- - --2,2.4-Trimeth tane 540-84-I 0.50 8.57F.02 t

2-Butaswne 78-93-3 0.80 6.OOE-01 r 4.80E-01 2.86E-01 D

2-Butenoldeh e 2-8menal 4I70-30-3 0.50 5.71E+001

2-Etho ethenol 110-80-5 0.50 4.00E-01 ° 2.00E-01 5.71E42 1

2-He tanone 11043-0 0.50 5.71E+00 t

2-Hexanone 591-78-6 0,80 4.00E-02 3.20E-02 1.43E-03 ^

2-Mctho ethanol 109-864 0.50 1.00E-03 °m 5.00E-04 5.71E-03 r

2-Meth 1-2- a anol 75-65-0 0.50 5,71E+00 t

2-MNb 1-2- o enenitrilc 126-98-7 0.80 1 OOE-04 8.00E-05 2.00E-04

2-Me Isvndlne 75-55-8 0.50 5.71E+00°

2-Met I 1 alcohol 78-83-1 0.80 3.00E-01 2.40E-01 5.71E+00 °

- -2-Pantanonc 107-87-9 0.50 5.71E+00 °

2-Pro avonc Acemne 67-64-1 0.80 1.00E-01 ° 8.00E-02 5.71E+00 ° D r

2-Pr e-1-ol 107-186 0.50 5.00E-03 r 2.50E-03 5.71E+00 t

2-R 1 alcohol 67-63-0 0.90 5-71E+0U t

3-He taonc 106-35A 0.50 5.71E+00

3-M 1-1-butanol 123-51-3 0.50 5.71E+00 R

3-Meh 1-2-butanane 563-80d 0.50 5.7IE+00t

3-Pentxnanc 96-22-0 0.50 5.71E+001

4-1]taaone 123-19-3 0.50 5.71E00 °

4-Meth I-2- entonone 108-10.1 0.60 8.00E-02' 6.40E-02 2.29E-02

4-Mcth I-3 enlae2-one 141-79-7 0.50 5.71E+00`

5-Meth I-2-hexxnone 110-12-3 0.50 5.71E+00 "

Acetaldeh 75-07-0 0.80 2.57E-03 r 7J0F.03 r^ B2 r

Aeetamide 60-35-5 0.50 5.71E+001

Aceticacid 64-19-7 0.50 5.71E+001

Acetic acid dh 1 osle 141-78-6 0.80 900E-01 ' 7.20E-01 5.71E+00 l

Aceti<acid n-bu I ester 123-86-0 0.50 5.71E+00 e

- - _Acetonilrile 75-D5-8 0.80 1.71E-02 r D r

Acroleiv 107-02F 0.60 2.DOE-02 ° 1-60E-02 5.71E-06 r C r

Ac lanitrilc 107-13-I 0.B0 1.00£-03 " 8.00E-04 5.71E-04 r 5.40E41 r 6.75E-01 2.40E-01 Bl r

Bis iso 1 her 708-20-3 0.50 5.71E+00 °

Butane 106-97-8 0.50 571E+001

Cabon disulfide 75-15-0 0.80 1.0nE-01 r B.OOE-02 2.00E-0I

C ano n 460-19-5 0.80 4.00E-02 r 3.20E-02 5.71E+00 r

C dohexane 110-82-7 0.50 5.71E+00 2.85E+00 5.71E+00
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Table 7-7 Toxicity Values for Human Health Risk Assessment: Organic COPCs

CAS

Registry

Chronic Reference Dose (RfD)

-0a

Cancer Slope Factor (SF)

(m -da -t EPA

ChemicalofPotentialCoocern Number At Oral Dermal Inhatation' Oral DermB Iohalstion Claa'

ohexsnone 108-94-1 0.50 5.00E+00 2,50E+00 5.71E+00 e

Cyclohexeoe 110-83-8 0.50 5.71E+00r

C lo nrave 287-92-3 0,50 5.71E'00 °

Ethy l alcohal 64-17-5 0.50 5.71E+00

Ethyl cthx 60-29-7 0.80 2.00E-01 1.60E-01 5.71E+00 r

- - -! mcthacrvlate 97-63-2 D.80 9.00E-02 ° 7.20E-02 5.71E+00 °

Fonvaldeh e 50-00-0 O.SD 2.00E-01 ° 1.60E-01 4.50E-02 ° 81 r

Fonnanude 75-12-7 0.50 5.71E+00r

Formic a<id 64-18fi 0.50 2.00E+00 ° 1.00E+00 5.71E+00 c

Fonnicac' merhlcstQ 307-31-3 050 5.9IE+00s - -

Gl ci Iddch dc 765-344 0.50 4.00E-04 t 2.00E-04 2.86E-04 B2

Methy l acetate 79-20-9 0.50 1.00E+00 " 5.00E-01 5J1E+00 e - -

M Ialwhol 67-56-1 0.80 5.00E-01 t 4.00E-0 I 5.71E+00 °

Mefi Ifs anate 624-83-9 0.50 5.71E+00 e

Meth metha< late 80-62-6 0.80 1.40E+00 1.12E+00 2.00E-01 ° - E

Meth I tert-bu 1 ether 1634-04-0 0.80 8.57EA1 t - -

Meth lace lene 74-99-7 0.50 5.71E+40 t - - -

Mcth l lohexane 108-87-2 0.80 8.57E-01

N,N-Duneth lacetamide 127-19-5 0.50 - 5.71E+00 ° - - - -

n-Bo 1 alcohol 71-36-3 0.50 1DOE-01 5.00E-02 5.71E+00 " D 1

n-Hetane 14242-5 0.80 5,71E+00' Dt

n-Hexane 110-54-3 0.80 6.00E-02 4,80E-02 5.71E-02 t -

Nitrometlunc 75-52-5 0.50 5.71E+00 ° - -

n-Nonane 111-84-2 0.5D 8.57E-02 °

- -

- -

n-Octane 111-65-9 0.50 8 57E-02 ° -

n-Pentane 109-66-0 0.50 5 71EM0 r -

n-Pr ionaldeh de 123-38-6 0.50 5.71F,t00 k - -

n-Pro1 aI<ohol 71-23-8 0.50 5.71EO0 " - - -

n-Valerald<h de 11Dfi2-3 0.50 5.71Ea00 e -

Oxbane 75-21-8 0.80 1.02E+00 a 1.28E+00 3.50E-01 ° BI °

-C ene 99-87-6 D.80 8.57E-02 ° - -

Phos ene 7544-5 0.50 5 71E+qI s - - -

alcohal 107-19-7 0.80 2.00E-03 1.60E-03 5.71EM0 e -

Proionic acid 79-094 0.50 5.7IEi00 e - - -

lpwownitrile 107-12-0 0.50 5,71E+00 a - - -

Pro lene glycol monomdh 1 cNcr 107-98-2 0,50 7.O0E-01 a 3.50E-01 5.71£-01 ' - - -

rm-Bu Itoluene 98-51-I 0.50 5 71E+00 ° - - - -

Trieth Iarolne 12144-8 0.80 2.00E-03 t - - -

Tr'nneth lamine 75-50-3 0.50 5.71E+00 ° - -

Vinlacttate ID8-05-0 0.80 1.00E+00 8.00E-01 5.71b02r - - -

Noo-erome ric Halo enated H drocarbons

1 1,1,2-Tetrachloro4.2-difluoroethane 76-1 1-9 0.50 - - - - - -

1,1,1$-Tetrachlorocthene 630-20-6 0.80 3.00E-02 2.40E-02 - 2.60E-02 ° 3.25&02 260E-02 s C

1,1,1-Trichlarocdune 71-55-6 0.80 2.00E-01 1,60E-01 6.29E-01' - Dt

1,11,2-Tctrachloro-l,2-ditluoroethane 76-12-0 0.50 - - - - - - -

l,l 2-Tetracfiloroe[hane 79-34-5 0.80 - - -- 2.00E-01 2.50E-01 2 DOE-01 ° C°

1,1,2?-Tetrachlorocthen< 127-18-0 0.80 6.00E-02 4.80E-02 1.10E-01 520E-02 6.50E-02 2.OOE-03' -

1-12-Trichloroethane 79-00-5 0.80 4.00E-03 3.20E-03 - 570E02 7.13E-02 570E-02 C°

1,1,24d<Mmoet lene 79-01-6 0.80 300E-04 2.40E-04 1.14E-02 4,00E-01 500601 4.00E-01

I,1-Dichloroctlunc 75-34-3 0.80 1 OOE-01 ° 500E-02 1.43E-01 °P' - - - C r

1 1-Dichloroethenc 75-354 0.80 5AOE-02 ° 4.00E-02 5,71E-02 ° 6.00E-01 " 7.50E-0l 1,20E+U0 ° C

1,2,2-Trichloro-1,1,2-trifluoroethmc 76-13-1 0.80 3006+01r 240E+07 8.57E+00s - - - -

1,3-Tdchloro ro zne 96-184 0.80 6,00E-03 r 4.80E-03 - 7.00E+00 a 895E+00 - 82 a

1-Dibramo-3-chloro e 96-12-8 0.80 5.71E-05 r 1.40E+00 ° 175E+00 240E-03 ° H2 °

1,2-Dichloro-l,12,2-tetrafluoroeihanc 76-14-2 0.80 -- - - -- -- - -

1,2-Dichloroethan< 107-06-2 0.80 3.00E-02 " 2.40E-02 I 40E-03 " 910602 ° 1.14E01 9.106-02 4 B2 r

1,2-Dichloroeth lene 540-59-0 0,80 9.00E03 s 7.20E-03 - - -- -
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Table 7-7 Toxicity Values for Human Health Risk Assessment: Organic COPCs

I

CAS

Aegulry

Chrunie Refereoce D. (RfD)

m r-da
I

Cavicer Slope Facmr (SF)

m da "r EPA

ChemiolofPutevtislConttm NumCer AF' Ord Dermol Ivhdadov` Ord Dermd lvhalafim Clcss'

I,2-Dichloro 78-87-5 030 I-14E-03 r 6.80E-02 a 8,50E-02 82 °

I 3-Dichloro 542-75-6 0:50 3.OOE-02 r 1.50E-02 5.71E-03 r I.OOE-01 2.00E-01 1,40E-02 r^ B2

1,4-Dichloro-2-0utene 764-01-0 D.IBO - 9.30Ei00 ° 82 °

1-Chlorcetheve 75-01-0 D.^80 3,00E-03 r 2,40E-03 2.86E02 1.40E+00 1.95E+00 3,OSE-02 1j A°

2,2-Dkhloro o'ovic acid 75-99-0 0:50 3.00E-02 r 1.50E-02 - - -

2-Chloro ane 75-29-6 D:90 2.86E-02 °

3-Chlor ne NI 1 chloridc 107-05-1 0:80 2.86E04 r C r

Brnmochioromethane 74-97-5 0;80 D

Bromadichlmomethane 75-27-0 0.30 2.00E-02 1.60E-02 6.20E-02 7.75E-02 132 r

Bromoethene 593-60-2 0:90 857E-04 r B2 °

Brwnoform 75-25-2 010 2.00E02 r 1.60E-02 7.90E-03 9.88E03 190E-03 ° B2

Bromomethaec 74A3-9 0:90 I.40E-03 r 1,I2E-03 1.43E-03 D

Carbov tetrachloride 56-23-5 0.30 7.00E-04 5,60E-04 1,30E-01 1,63601 5.30E-02 ° B2

Ch7urodibromometlmve 12438-1 0.30 200E-02 1.60E-02 8.40E-02 1.05E-01 C t

Chiorodiflnoromethane 75-05fi 0,30 1,43E01

Chloroethene 75-00-3 030 2.86E+00 r

Chlorofonn 67.66-3 010 100E-02 8.00E-03 8.57E-05 6.10E-03 r 7.63E-03 8.10E-02 82 r

Chloromcthane 74-87-3 0:90 2.57E-02 r D r

Chlor tafluoroetbana 76-15-3 0.50

cis-l 2-Dichloroethene 156-59-2 0;90 1.00E-02 ° 8.00E-03 D r

cis-1,3-Dichlo ene 10061-01-5 1 0.90 - -

C enbromide 506fi8-3 0;80 9,00E-02r 7.20E-02

o enehloride 506-774 090 5.00E-02 t 4.00E-02

Dichlorodifluoromethane 75-71-8 0.90 2.00E-01 1.60E-01 5.71E-02

Dichlorotluoromethavc 7543-4 0-50

Dicliloromethane 75-09-2 0,80 6.00E-02 4.80E-02 8,57E-01 7.50E-03 r 9,38E-03 1,65E-03 rd 132 r

DifluorodibromonMhane 75-61-6 0-50

- -- - - - -Hexvfluoroacetone 684-16-2 0-50

- - - -lodomethane 74384 0,90

Meth lene bremide 74-95-3 0,80 1.00E-02 8,00E-03

- - - - -PcnfacNorocthane 76-01-7 0.50

nans-l,2-Dichloroeth lone 156-60-5 0.80 2.00E-02 1.60E-02 - --

trans-1,3-Dichloro rnc 10061-02-6 0,90

Trichloroaccficacid 76A3-9 0.50 C r

Trichlorofluoroethsne 27154-33-2 0,50

'frichloro0uoromed^ane 75-694 0:80 3 00E01 2,4U1r01 2.00E-01

Trilluorobromomethane 75fi3-8 0,50

Dioxinavd FurauCom uunds CDDaIPCDFa

1,2 3 4 6] 8-He mchlorodi dioxin 3582246-9 0:50 TEF ^ TEF ° °TEF

1,2 4 6 7,&H tacblorodibenaofuran , 67562-39-0 0:50 TEF ° TEF ° TEF P

1 2 4,7 S 9-H tachlorodibanaofuren 55673-89-7 0.50 TEF ° 7EF ° °TEF

1,234.7,&HexaeNorodibe dios'vi 39227-28-6 0:50 TEFr TEFn TFFP _

1,2 3,4 ]&Hexncblorodibmzofirzan 70648-26-9 0.50 TEF ° TEF ° TEF °

1 2,3,6,7 8-Hexachloradibevz ioxin 57653-85-7 0;50 TEF ° TEF ° TEF P

1,2,3,6,7,&HeszcNoradibenzofuran 57117-44-9 0.50 TEF ° TEF r TEF e _

1,2,3,] 8 9-HezacNoradiberuu diaxin 19408-74-3 0.50 TEF ° TEF' TEF ° 132 r

1,2 3,7,8 9-Hexachlorodibrnmfmmi 72918-21-9 0.50 - TEF ° TEF ° TEF o -

I,Z3,7,8-Pentacblorodibrnm ioxln 40321-76-0 0.50 - TEF" TEFT TEF" -

IZ 3 7,8-Pentachlorodibenzofurav 5711741-6 0.50 - TEF ° TEF P TEF ° -

2,3 4 6,7,S-Hcxachioredibenmfiven 60851-34-5 0,50 TEF ° TEF r' TEF °

2,3,4,],8-Pmtechlorodibrnzofuran 57117-314 0.50 TEF ° TEF ^ TEF ^

2,3,7,8-Tetrachlorodibenw uxin 174fi-01-6 0.50 L00E06 2.00E+06 1.00Ei06 ° B2 °

2 3,7,8-Tetmchloredibenmhuan 51207-31-9 0.50 TEF ° TEF ° TEF °

Dtbcnzofiuan 13234-9 0,50 4.00E-03 2,00F,A3

Ocraohlorodibcnz bxin 3268-87-9 0,50 TEF ° TEF° TEF P

Octacldorodibenzofiuan 39001-02-0 0.50 TEF ° TEF ° TEF °
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Table 7-7 Toxicity Values for Human Health Risk Assessment: Organic COPCs

CAS

Repistry

Chronic Reference Dose (BID)

-d

Canuer Slope Factor (SF)

m -da -s EPA

ChemicvlufPutenfidCon<ero Number AF' Onl Dnmal Inhalatiov` Oral Dermal Inha6tioo Class`

Pol chlorina ted Bi he 'Is CBs

2,2',3,3',44',5-H eaahlorobi he 1 35065-366 0.80 - - TEF' TEP' TEF ` -

2,2',3,4,4',5-S-H tachlorobi hen I 35065-29-3 0.80 - TEF' TEF' TEF' -

2,3,3;44'S'-Hezacl0orobi be I 69782-90-7 0.80 - - - TEF' TEF` TEF" -

23,314,4',5-HexzcMorobi hen 1 38380-084 0.80 - - TEF' TEF' TEF' -

2,3,3'44'5'-He chlorobi h 1 39635-31-9 0.80 - - - TEF' TEFr TEF'

2J,3'4,4'-Pattachlorobi 1 32598-144 0.80 - TEF' TEF' TEF'

23'44',55'-HcxaoMorob' cn 1 52663-72-6 0.80 - TEF' TEF' TEF'

23,44',5-Peotaehlorobi hen 1 74472-37-0 0.80 - TEF' TEF' TEF` -

2,3'4,4;5-Penmcblorobi hen 1 31508-00-6 0.80 - - - TEF' TEP' TEP`

2' 4 4' 5-Pentachlorobi hen 1 6551044-3 0. TEF' 9'EF' `TEF

3,3',4,4'S5'-Hexachtorobi h< 1 32774-16-6 0. TEF TEF' TEF`

33',4,415-Pcntachlorabi zn I 57465-28-8 0. TEF TEF' TEF

33'44'-Tetrachlrobi e 32598-13-3 0

g

TEF TEF' TEF

34,4',5-Tetrachlmob' hrn I 70362-504 0. TEF TEF' TEF

Pol chlorinated b' hen Ia PCS 1336-36-3 0. 2.00E-05 1.60E-05 2.00E+00 2.50E+00 2.00E+00 B2 r

Phtbalatn

Bi 2<fh 1 hthalate EHP 117-81-7 1.00&02 140E-02 280E02 B2

Bu I 1 phthalatc 85-68-7 r 1.00E-01 C

Dibu 1 hthalate 84-742 5.00E-02 D

Dicth 1 p hthalotc 84-66-2 V,00F-01r 4.00E-01 D

Dimcth t hthalato 131-11-3 D r

n-Dioc 1 hthalate 117-89-0 t 1.00E-02

Li htPol c clicA romsticH drowrbnns muleculerwd htQ00 mole

2-Cliloron hthalene 91-58-7 0.58 8.00E-02 r 4.64E-02

2-M l na hthzlcnc 91-57fi 0.58 2.00E-02 ^ I.16E-02 8.57E-04 ^ -

5-Nitroscena hthene 602-87-9 0.58

Acen hthene 83-32-9 0.58 6.00E-02r 348E-02 -

Aceva h Iene 208-96-8 0.58

Anthruenc 120-12-7 0.58 3.00E-01 r 1.74EA1 D r

Fluorene 86-73-7 0.58 4.00E-02 2.32E-02 - - D

Indene 95-13-6 0.58 - - -

Na hthalcne 91-20-3 0.58 2.00E-02 r I.16E-02 8.57E-04 t - - C r

Phcnanthrene 8501-8 0.58 - - D ^

ene 129-00-0 0.58 3.00EA2 r 1.74E-02 - D r

kie Pol c clic AromaficH d rorarbom molecularwei ht>200 mol e

3-Meth cholantbrene 56-49-5 0.58 - - - -

5-Meth Ic sene 3697-24-3 0.58 -

Benzo a antlvacene 56-55-3 0.58 TEF " TEF a TEF " B2 r.

Bmzo s enc 50-32-8 0.58 7.30E+00 3 26E+01 3.10E+00 a B2 r

Bc=o f o,ilpy^ 191-30-0 0.58 - - - - -

ernro b fluoranthene 205-99-2 0.58 TEF ° TEF" TEF " B2 '

Bonzoe e 192-97-2 058 - - - -

Benao hj lene 191-24-2 0.58 - - - - - Dt

Benzo j fluoranthene 205-82-3 0.58 - - -

Brnzo k fluoranthcne 207-08-9 0.58 TEF ° TEF" TEF " B2 r

Ch,.. 218-01-9 0.58 TEF ° TEF" TEF ° B2 r

Di a,h acridine 226-36-8 0.58 - - - -

Dibenz a,h anthacrne 53-70-3 0.58 - -- - TEF ° TEF" TEF ° B2 r

Dibenz a' acridine 224A2-0 0.58 - - -

Dibenzo a.e fluoranthene 5385-75-I 0.58 - - - - -

1Tbcnzo a,e 192-65-0 0.58 - - - -

Dibenzo a,h Buoranthrn< No CAS 5 0.58 - - - - -

Dibemo a.h ene 189-64-0 0.58 - - - - -- -

Dibenm a,i 189-55-9 0,58 - - - - -

Fluorenthcne 206-04-0 058 4.OOE02 r 2 32E-02 - - D r

Hcxachlorona btlmlene 1335-87-1 0.56 - --
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CAS

Reeistry

Chronic Reference Doae (RfD)

to -da

Canaer Sloye Factor (SF)

m da -t EPA

ChemicalofPotentialConcern Namber A.F' Oral Dermal Inhalarion` Oral Dermal lnhvlarion las"

Indeno 1 2,3-cd 193-39-5 0.58 TEF ° TfiF ° TEF ° B2

OctacN hdinlme 2234-13-1 0.58

- - -

- - -

Pemachlorona thaleoe 1321-64-5 0.58

Tetrachlarone hthalcne 1335-88-2 0.58

Trichlarona hthalene 1321-65-9 0,58

L: tSub"fimredBeoreneCom xurads ma lecularwti ht<200 mole

1,2',3-Trichlorabenttne 87-61-6 0.60 - - - -

I 2,4d'richlmobenzene 120-82-1 0.50 100E-02 r 5.71E-02 a - - D r

I 2,4-Trimeth I benzene 95d3b 0.80 5.00E-02 ' 1.71E-03 r - - - -

1 2-Dicblorobenzene 95.50-1 0.50 9.00E-02 r 5.71E-02 "0' D r

3 3,5-Trimeih I benaaw 106-67-8 0.80 500E-02 1 1.71E-03 r - -

1,3-Dichlorobemene 541-73-1 0.50

R

D r

1 3-Dinitrobenunc 99fi5-0 0.50 1.00&04 r D r

1,4-DicNorobcrosae 106-06-7 0.50 2.29E-01 2.40&02 4.80E-02 C"

1,4-Dinitrabenzene 100-25-0 0.50 4.00E-04 2.OOE-04

2,4,5-Trichloro henol 95-95-0 0.50 1.00E-01

2 4,6-Trichloro hrnol 88-06-2 0.50 - 1.10&02 2.20E-02 1.00E-02 B2 r

2,4-Dichloro henol 120-83-2 0.50 3.00E-03 1.50E-03 - - - - -

2,4-Dime I heool 105-67-9 0.50 2.00E-02 1.00E-02 - - -

2,4-Dinitra enol 51-28-5 0.50 2.00E-03 1.00E-03 - - - -

2,4D'ntitrotoluenc 121,14-2 0.50 2.00E-03 1.00&03 - 6.80E-01 136E+00 B2 r

2,6-Dininmoluene 606-20-2 0.50 I.00E-03 " 5.00E-04 - 6.80E-01 r' 1.36E+00 - 82

2-Chlor henol 95-57-8 0.50 5.00E-03 2.506-03

2-Chlorotoluene 95-49-8 0.80 2.00E-02 1.60E02

2-Ni henol 88-75-5 0.50

4 6-Dinitroro<rcsol 534-52-1 0.50

4-Chloretoluenc 10643-0 0.80

4-N' henol 100-02-7 0.50

al a-Meth Is ne 98-83-9 0.80 7.00E-02 5.60E-02

Ani3ine 62-53-3 0.30 2.866-04 5.70E-03 1.14E-02 62

Beozonichlorida 98-07-7 0.50 1.30B+01 2.60E+01 B2

Be I chloride 100-04-7 0.80 1.70E-01 r 2.13E-01 B2 r

Beomobenxene 108-86-1 0.80

Chlorobenzene 108-90-7 0.80 2.00E-02 r 1.60E-02 5.71E-03

- - -

D r

Cmuene 98-82-8 0.80 IAOF.01 5.00E-02 1.14&01 r D r

n.Cresol 108-394 0.50 5.00E-02 2.50E-02 C r

n-Bu Ibenrene 104-51-8 0.80

Nitrobcmrnc 98-95-3 0.50 5.OOE04 2.50E-04 5.71E-04 "v D r

o-Pr Ibcnzene 103fi5-I 0.80

o-Crcsol 95-08-7 0.50 5.002-02 r 2.50E-02 C

o-D"uuwbrnzrne 528-29-0 0.50 4.00E-04 " 2D0E-04 D t

o-Nitromiilinc 88-744 0.50 5.71E-05 a

o-TOluidlne 95-534 0.50 2.40E-01 e 4.80E-01 °B2

Chloroaniline 106-07-8 0.50 4.00Cr03 r 2.00E-03

Cresol 10644-5 0.50 5.006-03 s 2.50E-03 C r

Phevol 108-95-2 0.50 3.00E-01 1.50E-01 D r

Nitrochlorobrnuoe 100-00-5 0.50

- - --Toluidine 106-49-0 0.50 1.90EA1 • 3.80E-01 C°

sec-H Ibnu<ne 135-98-8 0.80

tet-Bu 1 bevene 98-06-6 0.80

Toluene-2 6-diaminc 82340-5 0.50 2.00E-01 ° 1.00E-01

Trime Ibenzeve 25551-13-7 0.50

OtherLi tSemivoladleCum unds (molecular we ht<200 mo3e

1,1'-Bi h l 92-524 0.50 5.00E-02 r 2.50E-@ - D r

1 t-Dimeth lh dram^e 57-I4-7 0.50 2.60E+00 " 5.20E+00 3.50E+00 °

1,2-Dimcth Ih dravne 540-73-8 0.50 - - 3.70E+01 " 7.40E+01 3.70E+01 " 82 °

7,2-Di hrn drarhw 12256-7 0.50 - 8.OOE-01 r 1.60E+00 8.00E-01 r 132 r
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Table 7-7 Toxicity Values for Human Health Risk Assessment: Organic COPCs

CAS

Regfstry

Chronic Reference Dose (RID)

-tla

Cancer Sbpe Factor (SF)

-0a 't EPA

ChemiulafPotenlisiConcern Number AF' Oral Dcrmal luhaladen Oral Dcrmal lohalafion ]xc°

1 -Pro esultonc 1120-714 0.50

2,4-Toluene dii anate 58484-9 0.50 -- - - -

2-Chloroace heuone 532-274 0 50 8.57E-06

2-Pr nok acid 79-10-7 0,50 5.00E-01 2.502-01 2.86E-04

4,4'-Meth lenediartil'nte 101-77-9 0.50 - - - -

Acelo henonc 98-86-2 0.50 I.OOE-01 r 5.00E-02 D r

Benzoic acid 65-85-0 0.50 4.00E+00 2.00E+00

- - -

D r

Bf 2<hloroetbo e 111-91-1 0.50 D r

Bi 2chlometlt 1 ether 111-04-4 0.50 1.10E+00 r 2,20E+00 I,IOE+00 132 r

Chlor clo entadirnc 41851-50-7 0.50 D

clohcnanal 108-93-0 0.50

Dichlmo' IcOmr 108-60-1 0.50 7.U0E-02 1.40E-01 350E-02a Cs

D1cMorometh I etha 542-88-1 050 2,20E+02 r 4.40E+02 2.20E+02 ° A r

Dichloro adiene 61626-71-9 0.50

Dimethlaulfate 7748-I 0.50 B2r

Dimcth Ianilinc 121-69-7 0.50 2.00E-03 r I.00E-03

di-n-ProInitrosamine 621-64-7 0,50 7.00E+00 1,40EaU1 B2 r

Di hcn lether 101-84-8 0.50

E ichloroh drin 106-89-8 0.50 2.00E-03 1.00E-03 2.86E-04 9.90E-03 r I,98E-02 4.20E-03 rBY

Ethyl carbamate Urelhane 51-79-6 0.50

Etlrlmethanesulfonate 62-50-0 0,50

Eth lenedibromidc 106-934 0.50 5.71E-05 ` 850E+01 r 170E+02 7.60E-01 ° 82

Eth lenc gly col 107-21-1 0.50 2,00E+00 r 1.00E+00

Eth lene glyc ol monobu 1 ether 111-76-2 0.50 5.00E-01 2.50E-0I 3 71E+00 r

Ethylene glycol monoethyl nher acetatc 111-15-9 0.50 3.00E-01 1 50E-01

E lcnet3uourea 9645-7 0,50 8.00E-05 400E-05 1.10E-01 2.20E-01

Fmfural 98-01-1 0.50 3.00E-03 r 1.50E-03 1 43E-02

Maleicfi drevde 123-33-I 0.50 5.00E-01 2.50E-01

109-77-3 0.50 2.00E-05 1 00E-05

Methis nemixcdieomers 25013-15-0 0.50 6.00E-03`"' 3,00E-03 1,14E-02®'"

[

Methy1hydrazinc 60-34-0 0.50 1.10E+00 s 2.20E+00 I.10E+00

N,T-Di hen lamivo 122-39-0 0.50 2.50E-02 r 1 25E-02

Nitric acid, ro1 esrer 627-13-0 0.50

N-Nio-osodi-n-b IamYne 924-16-3 0.50 5.40E+00 1.08E+01 5.40E+00 s IB22

N-Nitrosmno holine 59-89-2 0.50

N-Nitroso-N,N-dimcrh lamine 62-75-9 0.50 5.10E+01 1.02E+U2 5.10E+01 a H2

o-futisidinc 90-04-0 0,50

Oxzlicacid 144-62-7 0.50

Phthalic dride 85-04-9 0.50 2,00E+00 r 1.00E00 3,43E-02

Phthatlcacid 100-21-0 0.50 L00E+00" 5.00&01 - -

'dine 110-86-1 0.50 I.00E-U3 5.00E-04 - -

inoline 91-22-5 0.50 1,20E+0I 240E+41 C r

uinove 106-514 0.50 -

Safrole 94-59-7 0.50 - -- -

Torrah an 109-99-9 0.50 - -

Otho Hea Semivolatile Com oueds molecular wei b[>IOD ale

1,2,4,5-Tehzchlorobrnarne 95-94-3 0.50 3.00E-04 I.50E-04 - - - - -

1 3,5-Trinitrobeoune 99-354 0.50 3.00E-02 r 1.50E-U2 - - - - -

2,6-Bi tcrt-bu 1 i-meth I hcnol 128-37-0 0.50 - - - - - -

2-C loh Id,6-diNtrohenol 131-89-5 0.50 200E-03 1.00E-03 - - - -

2-sec-Bu I-0 6-diri enol 88-85-7 050 l.00&03 r 5.00E-04 - D r

3,3'-Dichlorobemidine 91-94-1 0.50 - - 4.50B-01 r 9. - 62 r

3,3'-Dlmetho. beozidine 119-90-0 0.50 1.40&02 2,

3

- B2

4-Bromo hrn 1 hen 1 elher 101-55-3 0,50 - D

Anwonium rFluorooaanoatc 3825-261 050

103-33-3 0.50 1.10E-01 012 s1.10E-01 82 r
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Table 7-7 Toxicity Values for Human Health Risk Assessment: Organic COPCs

CAS

Rryslry

Chronic Reference ]>ase (RfD)

m -0a

Cancer Slope Faclnr (SF)

(m da -I EPA

ChemitalofPoten6alCoveern Number AF' Oral Dermal Inbahtionc Oral Dermal Inbalauon

Bis(3-mrt-butyl-0-hydsoxy-6-methyl-

1 fidc 96-69-5 0.:i0

C an 133-06-2 0.:i0 1.30E-01 s 6.502-02 3.50E-03 ° 700E-03 B2 °

Chlorobeslvlate 510-ISS O.:iO 2.00E-02 ° 1 UOE-02 2.70E-01 ° 5.40E-01 2.70E-01 ° B2'

Drbu I hos hatc 107-064 0.:i0

- - -Dimeth lansinoazobenzene 60-11-7 O.:iO -

Hcxechlorobenzene 118-74-1 0.:i0 8.0DE-0d ° 4.00E-04 1.60E+00 3.20E+00 1.60Ei00 B2

Hcxachlorobutadicnc 87fi8-3 0.:i0 2.00E-04 ° 1.00E-04 7.80E-02 1.56H-01 7.80EA2 ° C

Hexachlo clo mtadirne 77-47-0 O.:iO 7.00E-03 r 3.50E-03 5.77E-05 ° D s

Hexachloroethane 67-72-I 0.1i0 1.00E-03 5.00E-04 1.40E-02 2.80E-02 IADE-02 ° C r

Heeachlor hene 70-30-4 0.:i0 3ADE-04 1.50E-04

Hexameth Icne1,5-dii te 822-06-0 0.:i0 - 2.86E-06 s - - -

M(rea 1385-85-5 0.30 2.00E-04 1 00E-04 1.80E+00 ° 3.60E+00 1.80E+00 " 82 °

Rit°ofen 1836-75-5 0.30

Pentaohlorobenzene 608-93-5 0.:i0 S.OOE-04 4.00E-04 D r

Pentzchloronitrubenzene 82b8-8 0J50 3.00E-03 1.50E-03 2.60E-01 ° 5.20&DI C°

Pentachlon cossol 87-86-5 0.76 3.00E-02 2.28E-02 1.20E-0I 1.58^0I B2 r

Ycric n<id 88-89-1 0:50

Pronamidc 23950-58-5 0.50 7.50E-02 3.75E-02

S hnine 57-24-9 0.50 3.00E-04 t 1.50E-04

T en ]s 26140.60-3 0.50

Tnbu 1 hos atc 126-73-8 0.50

Trifluralin 1582-09-8 0.30 250E-03 3.95E-03 7.70E-03 r L54E-(12 C r

Tri h lasswsc 603-34-9 0.50

Herbicidesend0 nochlorlnatedPmticid es

2,4 5-T 93-76-5 0:50 1.00E-02 5.00E-03 - - - -

2,4-Dandesters 94-754 090 100E02r 9.00E-03 - - -

4,4'-DDD 72-54-8 0.50 - 2 4DE-01 r 4.80E-01 - B2 r

44'-DDE 72-55-9 0.50 3.40E-01 ° 6.80E-01 B2 r

4 , 4'-DDT 50-29-3 0:10 5.00E-04 r 3.50E-04 3.40E-01 r 4.86E-07 3.40E-01 B2 r

Aldrin 309-00-2 030 3.00E-05 r 1.50E-05 1 70E+01 3.40E+01 1.70E+01 ° B2 r

al hn-BHC 319-844 0S0 630E+00 r 1.26E+01 6.30E+00 82 r

bcta-BHC 3I9-85-7 0:50 1 80E+00 r 3.60B+00 1.80E+00 s C r

Chlordanc 57-74-9 0.80 5.00E-04 4.00E-04 2.00E-04 r 3.50E-01 4.38E-01 130E+00 a 132 r

delts-BHC 319-86-8 0.50 D

Dleldrin 60.57-1 0.50 5,00E-05 s 2.50E-05 1.60E+01 3.20E+01 1.60E+01 ° 82

Endothall 145-73-3 0:50 2AOE-02 r 1.00&02

E.ndrin 72-20-8 030 3.00E-04 s 1.50E-04 D r

amma-BHC Lindanc 58-89-9 0:50 3.00Fi04 r 1.50E-04 1.30E+00 ° 2.60E+OU B2 °

H eclilor 76-04-8 0,50 5 00E-04 r 2.50E-04 4.50E+00 r 9.00E+00 4.50E+00 ° B2 r

lsadrin 465-73-6 0-50

Mcth clilor 72-43-5 0:50 5,00EA3 r 2.50E-03 D r

Sllvcx 2,4 5-TP 93-724 0-90 8.00E-03 4.00E-03 D r

Toxa hrne 8001-35-2 050 LlOE'00 r 2.20E+00 1.10E+00' 132 r

-no value availahle

`GAT=Gaavo'¢ucssinalabsorptiovfacmr(ulvtleu). ValuestakenfiomRiskAxussmemGwdenceforSuyerfund(RAGS),PanE(CCN064329J,whichl'utsvaluesfor

specific enemicAv, aa well ac vahxs for groupa ofchemimia (for examplF 80%for oeher volatile organics). SVhere a range ofvaluo is pruvided in RAGS Part E, Ne lowa value

m the range (the mou conservmive vdue) is used. .

aDermalr^renudou(ttOla)calwlated6anoralRfD(R1DJerdGAFas:Rfl)a-R9>.xGAF_

`Calwlated from reference cancentradon (R1C). RIC values are prosnded in Table 7-9.

°Dttmal °lope faaor (SFa) cdwlxsed from oral SF (SFJ and GAF a•.: SFa' SF,/GAF.

US Environmental Protection Agmcy (EPA) unr<r davi6cetion: A- human earcinogen; B= probable human cartinegam (BI indimte hmised human evidence. E2

mdicxes sulhciens evdrnee in aninrals and inadequate or no evidence in humms), C - POssible human carcinogen; D - not classifiable uto human eararwgenicity; and

E= eridence of nancar<inogenicity for humans.

rSource: Ivtegmted Risk Infonnation gystem (IRIS).

a Source: Hwlth Effts Assessment Summary Table (HFAB]).

Page 7-80



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

Table 7-7 Toxicity Values for Human Health Risk Assessment: Organic COPCs

CAS

1

Chronk Refermce Dose (RfD) Cancer Slope Factor (SF)

Registry m -da m -da -s EPA

ChemiwlaiPotenfialConcern Fambcr AP 1 Oral Dermal Inhalation` Oral Ihrmal Iahalafiaa Iau`

VaWe witdrawn Gom IkIS or ^ST.

° koute-to-roate eMrapolaGon (buwan oral and inhalation values).

s Exposure cmcenoations are consened to equivalent wnunvatioos of2,3,'!,8-Tmschbrodibenm(p)dioxin (2,3,7,8-TCDD) bymultipNinB the <onanuauon by the

towciryaquivalenryfactor(TEF). Theresuhmg2,3,7,8-TCDDequivakmcuncenvationisevaWaaedusingtheBFaforl,3,],8-TCDD. TPFvxbsesareprovidedinTatle7-13.

e IR[S repons a slope Etor for Hvachbrodibenzo(pWiodn mittures; howevc, thi.s vaLte is not used in the quanrnauve risk eaussment. Ins[eed, these congeners sre

included in the evaluauon oflAe;3,7,8-TCDD equivalmt comentration.

Exposure wncennatiam ofcuplanar "diovn-like' pCBS are converted to equivelent wocamatiom ef2,3,7,8-TCDD by muhiplying he roneentrasionby the TEF.

The «silting A3,7,8-TCDD eqeiWem concenrrnsfon is cwlumW using he 8Fs for 2,3,9,8-TCDD. TEF values are provided in Table 7-13.

Valuc for Aroclm-125C.

'Theczncsrpotenryofpotyddodmredbiphenyl(PCB)roixruresudeterminedusingathree-tieredeyproachthatdependsontheinfommionavailable. Cnteriaforuseaf

the FGyh Riek anA Pv.ris^mce Tier include fod rbein eryosum; sdimarc o. mil ingeation; dust o. aerosol inhalarion; damal expoaae Janabsorption facior hv bxn

epplid; arry early-Gfr apmure; and the presance ofdiomn-like, tumm-promoling, orpersixent cungeners. This ralue, 2UOEapp per (myYgyday, is the upper-bound sWpe

Gcror for the High gisk and Persisrence Tier. The anvel-estimase slope fxcwr for this tier is 1.0OE+00 per (mp/kg)/day.

° Exponue mncenrruians are convarted to equivalem wneennations ofbenw[a1pyrene by mutiplying the wncemra6on bythe TEF. The rewhing bmzo[e1F3+ene

equlvalemwnccnrrrntionisevuluatedusingtbeslopefacsoraforbevu[e]pyrme. TEFvduesareprovidedinTable7-13.

' Lined m'Dinhrototueoe rw8ture, 2,4-/2,S" in The value is based an a study using technrcal-grade DNf. -

' Valu<Svm EPA Headquaners, as dvccted by EPA Region 10.

Page 7-81



24590-WTP-RPi-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

Table 7-8 Toxicity Values for Human Health Risk Assessment: Inorganic COPCs

CAS
Registry

Chronic Reference Dose (Am)
m 1-0a

Cancer Slope Factor (SF)
m -0a

-'
EPA

ChemicalofPotentialConceru Number GAF° Oral Dermal° Inhalation` Oral Dermal" I Inhalation Class`

Metals

Aluminum 7429-90-5 0.20

Antinnony 7440-36-0 0,15 4.00E-04 6.00E-05

Arsenic 7440-38-2 0.95 3.00E-04 r 2.85E-04 1.50E+00 1.58E+00 1.51E+01 e' A r

Barium 7440-39-3 0.07 7.00E-02 r 4.90E-03 1.43E-04 ° D r

H llium 744041•7 0.007 2,00P`03r 1.40E-05 5.71EA6r ^ 8.40E+00" Blr

Bismuth 7440-69-9 0.20

Horon 7440-42-8 0.20 9.00E-02 r I.80E-02 5.71E-03 "

Cadmium (diet and soil ) 7440-43-9 0.025 1.00E-03 2.50G05 6.30E+00 rs Bl r

Cadmium ( water ) 7440-03-9 0.05 S.OOE-04 r' 2.50E-05 6.30E+00 n H] r

Calcium 7440-70-2 0.20

Chromium as Cr*6 18540-29-9 0.025 3.00E-03 r 7.50E-05 2.86E-05 r'6 4.206+01 r6 A r

Cobalt 7440148-4 0.20

Co er 7440-50-8 0.20 D r

Iron 7439-89-6 0.20

- - - -Lead 7439-92-1 0.20 rBY

Lithium 7439-93-2 0.20

Magnesium 7439-95-4 0.20

Manganese (diet) 7439-96-5 0.04 1.40E-01 5.60E-03 D r

Manganese (water and soll 7439-96-5 0.04 4.60H-02 1.84E-03 1 43E-05 r D r

Mercury 7439-97-6 0.74 8.57E-05 r D r

Mercu -H 2 7487-94-7 0.07 3.00E-04 r 2.10E-05 C r

Me Imercu 22967-92-6 0.95 1,00E-04 r 9,50E-05 C r

Molybdenum 7439-98-7 0.20 5.00E-03 1,00E-03

Nickel 7440-02-0 0.04 2.00E-02 8.00E-04 8.40E-01 A

Potassium 7440-09-7 0.20

Rhodium 7440-16-6 0.20

Selenium 7782-49-2 0.30 5,00E03 r 1.50E-03 D

Silicon 7440-21-3 0.20

Silver 7440-2211 0.04 5.00E-03 r 2,00E-04 D

Sodium 7440-23-5 0.20

Strontium 7440-24-6 0.20 6.00E-01 r 1.20E-01

Tantalum 7440-25-7 0.20

Thallium 7440-28-0 1.00 6.60E-05 r 6,60E-05 D r

Tin 7440-31-5 0.20 6.005-01 1.20E-01

Tun sten 7440-33-7 0.20

Uranium 7440-61-1 0.20 3.00E-03 6,00E-04

Vanadium 7440-62-2 0.026 7.00E-03" 1.82E-04

Yttrium 7440-65-5 0.20

Zinc 7440-66-6 0,19 3.00E-01 r 5.70E-02 D r

Zirconium 7440-67-7 020

Non-metals and Anions

AmmonialAmmonium 7664-01-7 0.20 2.86&02 r

Bromide 24959-67-9 0,20

Chloride 16887-00-6 0.20

C anide 57-12-5 0.47 2.00E-02 r 9.40E-03 D r

Fluoride 16984L8-8 0.20 6.00E-02 r 1.20E-02

H droxide 14280-30.9 0.20

lodine 7553-56-2 0.20

Nivate 14797-55-8 0.20 1.60E+00 r 3.20E-01
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Table 7-8 Toxicity Values for Human Health Risk Assessment: Inorganic COPCs

CAS
Registry

Chronic Reference Dose (R1D)
m -da

Cancer Slope Factor (SF)
m -da -' EPA

ChemicalofPotentialConcern Number GAFe Oral Dermal" Inhalation' Oral Dermald Inhalation Class`

Nitrite 14797-65-0 020 I.oOE-Ol ° 2.00&02

Phosphate 14265-44-2 0.20

Phos horus 7723-14-0 0.20

Sulfate 14808-79-8 0.20

Total sulfur 63705-05-5 0.20

Criteria Pollutants

Carbon monoxide 630-08-0 0.20

Nitro endioxide 10102-44-0 0.20

Ozonc 10028-15-6 0.20

Particulate matter No CAS # 0.20

Sulfur dioxide 7446-09-5 0.20

-=no value avadable.

`GAF = Gastroimestinal absmpuon factor (unitless). Values taken from Risk Assessment Guidance for Superfund (RAGS), Pan E(CCN 064329), which Has values

forspecificchcmicals,aswellasvaluesforgroupsofchemicaLs(e.6.20°kforotherinorganics). WherearangeofvaluesisprovidcdinRAGSPznE,thelowervalue

in the range (the most conservative value) is used.

Dermal reference dose (R}Da) calculated from and RID (RfDo) and GAF as: RtDd= RfDa x GAF.

`Calculazed from reference conu,ntration (RIC). RR7 values are provided In Table 7-9.

"Daraal slope factor(SFd)calculazed from orel SF (SF,) and GAF as: SFa= SFJGAF.

`US Env'uonmental Protection Agency (EPA) cancer classification: A=human careinogeq B e probable human emclnogm (BI indicates limited Eumab evidence. B2

indicates sufficient evidence in animals and inadequate or no evidence in bumans); C=possible human carcinogen; D = not classifiable as to human careinogenieity; and

E= evidence ofnoncarcinogcnicity forhumans.

rSource:IntegratedRiskInformationSystem(IRIS).

a The inhalation slope fectur was calculated from inhalation unit risk. Unit risk valuu are provided in Table 7-10.

h Source Health Effects Auessment Summary Table (FIEAST).

'Value withdtxwn from IRIS arHEAST.

j The oral toxicity values for "Cadmium (Dkt)" are used for soil and food uses whilc the oral toxicity values for "Cadnuum (Water)" are used for water uses only.

s Value shown is for chromfum VI parliculatw.

'IRIS no longer separxtcs manganesc values for chronic oral RfDS into water and diet RtDs. The chronic oral RID for the total oral intake ofmanganese is

1.40E-0 1. However, when aazsessing eryosure to mangsnese from drinking water or soil, IRIS recommcnds using a modiEjing factor of 3, thereby lowering the

RfD to 4.6IE-02, which has been rounded to 4.6E-02. Rounding to 4JE-02 is more accurate, but mskcs the vaWe less eonsmarivc. BEAST valucs remain

separated into water and diet subchronic 12B)s.

77us enuy was fomterly listed in IRIS as Nickel (metallic) withehe CAS number 7440A20. The chemical name was changed to vickel (soluble salts) so that it

more accutately indicates the chemicals used in the studies from which the values were derived. Several different nickel salts were used, so the listing ofane

CAS numbcr has been replaced in IRIS with the word various.

"Value shown is for nickel re6nery dust.
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Table 7-9 Toxicity Values for Human Health Risk Assessment in Original Units: Organic COPCs

Chemical

of

Potential Concern

CAS

Regstq,

Number

Reference

Cuncentration (RfC)

Inhalation

Reference Dose (RID)
m -da

Inhalation

Unit Risk
(mg/m')°

Inhalation

Cancer Slope Factor
(mg4eg-0ay)-'

Aromatic Halo enated Hydrocarbons

Aromatic Nonbal enated Hydrocarbons

Benzene 7443-2 9.00E-03 ° 2.57E-03 qb 7.80F.03 2.73E-02

Eth Ibenzene I00-01-4 1.00E+00 2.86E-01 °•`

m-X cne 108-38-3 1.00E-01 ° 2.86E-02 aA

o-Xylene 95-07fi 1.00E01 2 86E-02

-X lene 106-42-3 1.00E-01 2.86E-02 °s

S ene 10042-5 1.00E+00 2.86E-01

Toluene 108-88-3 4.00E-01 ` 1.14E-01 s•`

Non-aromatic Nonhal enated H drocarbons

12-E x butane 106-88-7 2.00E-02 ` 5.71E-03 °e

1,3-Butadiene 106-99-0 2.00E-03 5.71E-04 3.00E-02 1.05E-01

1,4-Dioxane 123-91-11 2.00E+01 5.71E+00 e'r - -

1-Meth 3 ro 1 aicohol 78-92-2 2.00E+01 5.71E+00 bJ

1-Nitro ro ane 108-03 :3 2.00E+01 5.71E+00 "j

2,2,4-Trimeth I entane 540-841 3.00E-01 8.57E-02 bj - -

2-Butanone 78-93-3 1.00E+00 2.86E-01 b.`

2-Butenaldeh de (2-Butenal) 4170-30-3 2.00E+01 5.71E+00 °j

2-Ethox ethanol 110-80-5 2.00E-01 5.71E-02

2-H tanone 110-43-0 2.00E+01 5.71E+00 °t

2-Hexanone 591-78-6 5.00E-03 " 1.43E-03

2-Metho ethanol 109-864 2.06E-02 5.71E-03

2-Meth I-2- r anol 75-65-0 2.00E+01 5.71E+00

2-Meth I-2 nenitrile 126-98= 7 7.00E-04 2.00E-04

2-Methylaziridine 75-55-8 2.00E+01 ` 5.71E+00 b2

2-Meth I ro I alcohol 78-83-1 2.00E+01 r 5.71E+00 b4

2-Pentanone 107-87-9 2.00E+01 5.71E+00

2-Pro anone (Acetone) 67-64-1 2.00E+01 r 5.71E+00 sf

2-Pro ne-l-ol 107-18-6 2.00E+41 5.71E+00b.r

2-Propy l alcohol 67-63-0 2.00E+01 5.71E+00 ^1

3-He tanone 106-35-0 2.00E+01 5.71E+00 s'r

3-Meth l-l-butanol 123-51-3 2.00E+01 r 5.71E+00 6•r

3-Methyl-2-butanone 563-80-4 2.00E+01 r 5.71E+00 bF

-- -3-Pentanone 96-22-0 2.00E+01 5.71E+00 b^

4-He tanone 123-19-3 2.00E+01 5.71E+00 "f

4-Meth I-2- ntanone 108-10-1 8.00E-02 2.295-02 °j

4-Mcth -3- nten-2-0ne 141-79-7 2.00E+01 5.71E+00 °F

5-Meth -2-hexanane 110-12-3 2.00E+01 5.71E+00 b-F

Acetaldeh de 75A7-0 9.00E-03 ` 2.57E-03 6c 2.20E-03 ` 7.70E-03

Acetamide 60-35-5 2 .00E+01 r 5 71E+00

Acetic acid 64-19-7 2.00E+01 ^ 5.71E+D0 ej

Acetic acid eth I ester 141-78-6 2.00E+01 r 5.71E+00 "f

Aceticacidn-bun-buty 123-86-4 2.00E+01 5.71E+00bF

Acetonitrile 75-05-8 6.00E-02 ` 1.71E-02

Acrolein 107-02-13 2.00E-05` 5.71E-06b`

Ac lonitrJe 107-13-1 2.00E-03 5.71E-04 6.80E-02 2.40E-01 °

Bis is ro I ther 108-20-3 2.00E+01 5.7113+00

Butane 106-97-B 2.00E+01 r 5.71E+00 "F

Carbon disulfide 75-15-0 7.00E-01 ` 2.00E-01 °c
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Table 7-9 Toxicity Values for Human Health Risk Assessment in Original Units: Organic COPCs

Chemical

of
Potential Concern

CAS

Registry
Number

Reference

Concentration (RIC)
(mg/m')

Inhalation

Reference Dose (RID)
m -da

Inhalation

Unit Risk
(mg/m'Y'

Inhalation

Cancer Slope Factor
(mg/kg•day)"

C ano n 460-19-5 2.00E+01 r 5.71E+00 "t

C clohexane 110-82-7 2.00E+01 5.71E+00

C clohexanone 108-94-1 2.00E+01 5.71E+00 °j

Cyclohexene 110-83-8 2.00E+01 r 5.71E+00 b4

C clo ntane 287-92-3 2.00E+01 5.71E+00 "r

Ethyl alcohol 64-17-5 2.00E+01 5.71E+00 "F

Ethyl ether 60-29-7 2.00E+01 5.71E+00ef

Ethyl methacrylate 97-63-2 2.00E+01 5.71E+00 bf

Fo=ldeh de 50-00-0 1.30E-02 4.50E-02 °

Formamide 75-12-7 2.00E+01 5.71E+00 b7

- -Fortnic acid 64-18-6 2.00E+01 5.71E+00 b7

Formic acid, methyl ester 107-31-3 2.00E+01 5.71E+00 °r

G cid laldch dc 765-34-4 1.00E-03 2.86E-04 °$

Methyl acetate 79-20-9 2.00E+01 r 5.71E+00 °f

Methyl alcohol 67-56-1 2.00E+01 5.71E+00

- -Methyl isocyan ate 624-83-9 2.00E+01 5.7IE+00 °r

Methyl metha late 80-62-6 7.00E-0I 2.00E-01 a`

Meth 1 tert-bu I ether 1634-04-0 3.00E+00 ` 8.57E-01

- -Meth la tene 74-99-7 2.00E+01 5.71E+00 "•r

Meth 1 lohexane 108-87-2 3.00E+00 s 8.57E-01 "z

N,N-Dimethylacetamide 127-19-5 2.00E+01 r 5.71E+00 "'r - -

n-Butvl alcohol 71-36-3 2.00E+01 5.71E+00 "s

n-Heptane 142-82-5 2.00E+01 r 5.71E+00 s'r

n-Hexane 110-54-3 2.00E-01 ` 5.7IE-02 b"

Nitromethane 75-52-5 2.00E+01 5.71E+00

n-Nonane 111-84-2 3.00E-01 8.57E-02 °•r

n-0ctzne 111-65-9 3.00E-01 8.57E-02 °l

n-Pentane 109-66-0 2.00E+01 5.71E+00

n-Pr ionaldeh de 123-38-6 2.00E+01 5.71E+00 bf

n-Pro lalcohol 71-23-8 2.00E+01 5.71E+00°f

n-Valeraldeh de 110-62-3 2.00E+01 5.71E+00 "j

Oxirane 75-21-8 1.00E-01 3.50E-01

-C ene 99-87-6 3.00E-01 8.57E-02 b-r

Phos ene 75-44-5 2.00E+01 5.71E+00 ar

Propargy] alcohol 107-19-7 2.OOE+01 5.71E+00 sF

Prop ionic acid 79-093 2.00E+01 r 5.71E+00

Proionitrile 107-12-0 2.00E+01 5.71E+00 °r

Propylene glycol monomethyl ether 107-98-2 2.00E+00 ` 5.71E-01

-tert-Bu Itoluene 98-51-1 2.00E+01 5.71E+00

Trieth lamine 121-04-8 7.OOE-03 2.00E-03 °F

Trimeth lamine ' 75-50-3 2.00E+01 5.71E+00 °j

Viny l acetate 108-05-4 2.00E-01 5.71E-02

Non-aromatic Hal enated H drocarbons

l,l 1,2-Tetrachloroethane 630-20-6 - - 7.40E-03 ` 2.60E-02 °

1,1,1-Trichloroethane 71-55-6 2.20E+00 " 6.29E-01 - -

1,1,2,2-Tetrachloroethane 79-34-5 5.80E-02 200E-01

1,1,2,2-Tetrachloroethene 127-194 3-85E-01' 1.10E-01 5.80E-04 2.00E-03°

1,1,2-Trichloroethane 79-00-5 1.60E-02 ` 5.70E-02 °

1,1,2-Trichlaroeth lene 79-01-6 4.00E-02' 1.14E-02 ^" - 4.00E-01
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Table 7-9 Toxicity Values for Human Health Risk Assessment in Original Units: Organic COPCs

Chemical
of

Potential Concern

CAS
Registry
Number

Reference
Concentration (RfC)

(mg/m')

Inhalation
Reference Dose (RID)

m -da

Inhalation
Unit Risk
(mg/m'y'

Inhalatlon
Cancer Slope Factor

(mg/kg-day)-'

I l-Dichloroethane 75-34-3 5.00E-01 °•' 143E-01 °x'

1,1-Dichloroetllene 75-35-4 2.00E-01 ` 5.7IE-02 5.00E-02 1.20E+00 °

122-Trichloro-112-trifluoroethane 76-13-1 3.00E+01 ° 8.57E+006•6

1 2-Dibromo-3-chlor ro c 96-12-8 2.00E-04 ` 5.71E-05 °•` 6.90E-04 s 2.40E-03 °

1 2-Dichloroethane 107-06-2 4.90E-03 ' 1.40E-03 2.60E-02 9.10E-02

1,2-Dichloro r ine 78-87-5 4.00E-03 ` 1.14E-03

1 3-Dichloro r ne 542-75-5 2.00E-02 ` 5.71E-03 b` 4.00E03 ` 1.40E-02

1 4-Dichloro-2-butene 764-41-) 2.60E+00 ° 9.30E+00 °

1-Chloroethene 75-014 I.OOE-01 2.86E-02 °•` 8.80E-03 3.05E-02

2Chloro ro ane 75-29-6 1.00E-01 2.86E-02 °•°

3-Chlor o ene All l chloride ) 107-05-1 LOOE-03 ` 2.86E-04

Bromcethene 593-60:2 100E-03 8.57E-04

Bronrofonn 75-25-2', I.IOE-03 3.90E-03 °

Bromomethane 74-83-9 5.00E-03 ` 1.43E-03

Carbon tetrachloride 56-23-5 1.50E-02 ` 5.30E-02 °

Chlorodifluoromethane 75-45-6 5.00E+01 1.43E+01 a`

Chlorocthane 75-00-3 1.00E+01 2.86E+00

Chloroform 67-66-3 3.00E-04 8.57E-05 2.30E-02 ` 8.10E-02 °

Chloromethane 74-87-3 9.00E-02 ` 2.57E-02 0.`

Dichlorodifluoromethane 75-71-8 2.00E-01 °" 5.71E-02

Dichloromethane 75-09-21 3.00E+00 ° 8.57E-01 °'° 4.70E-04 ` 1.65E-03 `•`

TrichloroBuoromcthane 75-694 7.00E-01 °•' 2.00E-01

Pol chlorin ated Bi hen Is PCBs

Pnlvchln.;naleAhinhenviclPCAsI 1396-36.3 -- - 571E-01200E+00°1

L-Mem In8 nmiaerlC Yi-JI-O wp-w o.J/Gqn

Naphthalene 91-20-3 3.00E-03 ` 8.57E-04 6'`

HvY Po c clic Aromatic H drocarbons molecularwei ht>200 mole

Benzo a ne 50-32-8 3.10E+00 `

Li htSulxtitutedBenzeneCom unds ( molecular wehtQ00 molt

1,2,4-Trichlorobenzene 120-82-1 2.00E-01 ° 5.71E-02 b'B - -

I,4-Trimeth 1 benzene 95-6341 6.00E-03 ° 1.71E-03 °•" - -

1,2-Dichlorobenzene 95-50-1 2.00E-01 5.71E-02

1,3 5-Trimeth l benzene 108fi7-:9 6.00E-03 " 1.71E-03 °'" - -

1,4-Dichlorobenzene 10646-7 8.00E-01 2.29E-01 °'` - -

2,4,6-Trichloro henol 88-06-2 3.10E-03 ` 1.00E-02 °

Aniline 62-53-3 1.00E-03 2.86E-04

Chlorobenzene 108-90-7 2.00E-02 u 5.71E-03 °a'

Cumene 98-82-8 4.00E-01 ` 1.14E-01

Nitrobenzene 98-95-?'^ 2.00E-03 ° 5.71E-04

- -o-Nitroaniline 88-74-4V 2.00E-04 ° 5.71E-05 °'°

Other LihtSemivolatileCom ou nds (molecular we ht1200 mole

1 1-Dimeth lh drazine 57-14-7 3.50E+00

] 2-Dimeth Ih drazine 540-73-8 3.70E+01

1,2-Di henylh azine 122-66-7 - 2.20E-01 ` 8.008-01 °

1
2-Chloroaceto henone 532-27-4 3.00E-05 ` 8.57E-06 °-'

2-Pro noic acid 79-10-7 1.00E-03 2.86E-04 b"a - -

Ris(2-chlorcethyl) ether 111-44-4 3.30E-01 1.10E+00 °
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Table 7-9 Toxicity Values for Human Health Risk Assessment in Original Units: Organic COPCs

Chemical

of
Potential Concern

CAS

Registry
Number

Reference

Concentration (RfC)
(mg/m')

fnhalafion

Reference Dosc (RID)
m -da

Inhalation

Unit Risk
(mgJm)-'

Inhalation

Cancer Slope Factor
(mg/irg-day)-'

Dichloroiso r I ether 108fi0-1 1.OOE-02 3.50E-02

Dichlorome 1 ether 542-88-1 6.20E+01 2.20E+02

ichloroh drin 106-89-8 1.OOE-03 ` 2.86E-04 1.20E-03 4.20E-03 °

Ethylene dibromide 106-934 2.00E-04 5.71E-05 °g 2.20E-01 ` 7.60E-01 s

Eth lette g l ycol monobu 1 ether 111-76-2 130E+01` 3.71E+00 °p

Furfival 98-01-1 5.00E-02 1.43E-02

Meth 1 s tyrene (mixed isomers ) 25013-15-4 4.00E-02 a' 1.14E-02

Meth 1h drazine 60-344 1.10E+00

N-Nitrosodi-n-bu lamine 924-16-3 1.60E+00 5.40E+00

N-Nitroso-N,N-dimeth lamine 62-75-9 1.40E+01 ` 510E+01

Phthalic anh dride 85-44-9 1.20E-01 3.43E-02 °a

OtherHca SemivolatileCom ou nds molecularwei ht>200 g/mole)

Azobenzene 103-33-3 1 10E-02 1.10E-01

Chlorobenzilate 510-15-6 7.80E-02 2.70E-0!

Hexachlorobervxne 118-74-1 4.60E-01 1.60E+00

Hexachlorobumdiene 87-68-3 2.20E-02 7.80E-02 °

Hexachloro clo tadiene 77-47-4 2.00E-04 ' 5.71E-05 a&

Hexachloroethane 67-72-1 4.00E-03 ` 1.40E-02 "

Hexameth lene-1,5-diiso ate 822-06-0 I.OOE-OS 2.86E-06 b,

Mirex 2385-85-5 1.80E+00 m

Flerbicides and Org amachlorinatc PesBcides

4,4'-DDT 50-29-3 9.70E-02 ` 3.40E-01 s

Aldrin 309-00-2 4.90E+00 ` 1.70E+01 8

al pha-BHC 319-84-6 1.80E+00 ` 6.30E+00 `

beta-BHC 319-85-7 5.30E-01 1.80E+00 °

Chlordane 57-74-9 7.00E-04 ` 2.00E-04 1.00E-01 ` 1.30E+00 e

Dieldrin 60-57-1 4.60E+00 ` 1.60E+01 a

Heptachlor 76-44-8 1.30E+00` 4.50E+00'

Tox hene 8001-35-2 3.20E-01 ` 1.10E+00 `

-= no value available.

' Pravisional value from National Center for Environmental Assessment (NCEA).

° The inhalation RtD was calculated from the inhalation RIC.

` Source: Integrated Risk Infonnation System (IRIS).

d Provisional values provided by the Superfund Health Risk Technical Support Center as noted in the Risk Assessment ]nformation System (RAIS),

maintained by the Oak Ridge National Laboratory (see httpl/risk.lsd.oml.gov/tox/tox vxlues.shtml).

`Theinhalationslopefactorwascalculatedfrominhalationunitdsk. . . . . .

rRecommended reference doses for peholeum fractlons and individual hazardous substances (MlCA hydrocarbon guidance).

s Source: Health Etfects and Environmental AlPects Summary Table (HEAST).

° Provisional value &om EPA Region 10.

These noncancer toxicity values are found in agency documents, but were calculated by alternative methods that are not currentN practiced

by the RtD/RfC Work Group. These values are considered to be adequate provisional values for risk assessment purposes at Superfund and RCRA sites, but

are subject to be reviewed by the RIDlR/C Work Group.

s Withdrawn value from IRIS or HEAST.

r Units are (pv,/ms) i.

'High risk and persistence her.

Route-to-route extrapolation (between oral and inhalation values).

° Value from EPA Headquarters, as directed by EPA Regiou 10.

Note: Oral unit risk values are not shown because oral slope factors were available for all COPCs that have oral anit risk values.
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Tab1e 7-10 Toxicity Values for Human Health Risk Assessment in Original Units: Inorganic COPCs

Chemical

of

Potential Concern

CAS

Registry

Number

Reference

Concentration (RfC

I.mg1m)

Inhalation

Reference Dose (RfD)

m -da

Inhalation

Unit Risk

(mg/m)-'

Inhalation

Cancer Slope Factor

(mg/kg-day)-'

Metals

Arsenic 7440-38-2 4.30E+00° 1.51E+01

Barium 7440-39-3 5.00E-04 1.43E-04 --

Be llium 7440-41-7 2.00E-05 5.71E-06 2.40E+00 ` 8.40E+00 `

Boron 7440-42-8 2.00E-02 ` 5.71E-03 `'` -- --

Cadmium 7440-43-9 -- -- 1.80E+00' 6.30E+00 ""

Chromium 18540-29-9 1A0E-04 2.86E-05 1.20E+01' 4.20E+01'"

Manganese 7439-96-5 5.00E-05 1.43E-05'` --

Merc 7439-97-6 3.OOE-04 8.57E-05 4e's

Nickel 7440-02-0 -- -- 2.40E-01 8.40E-01

Non-metals and Anions

AmmoniaJArsunonium 7664-41-7 1 2.86E-02''` -

- = no value available.

' Source: Integrated Risk Information System (IRIS).

The inhalation slope factor was calculated from inhalation unit risk.

` Source: Health Effects and Environmental Affects Summary Table (HEAST).

" These noncancer toxicity values are found in agency documents, but were calculated by alternative methods that are not

currently practiced by the RfD/RfC Work Group. These values are considered to be adequate provisional values for risk

assessment purposes at Superfund and RCRA sites, but are subject to be reviewed by the RID/RfC Work Group.

The inhalation R1D was calculated from the inhalation RfC.

r Value is for "Chromium VI (particulates)."

s The inhalation RfC from'Mercury (elemental)' is used to evaluate melcury, since neither'Mercury (inorganic)' nor

'Mercuric Chloride' have an inhalation R1C value.

Value is for Nickel refinery dust.

Note: Oral unit risk values are not shown because oral slope factors were available for all COPCs that have oral

unit risk values.
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Table 7-11 Acute Inhalation Exposure Criteria for COPCs (mghn3)

Chemical
of

Potential Concern

CAS
Registry

Number

NCEA
Provis.

Value ° AREL ° AEGL-1 AEGL-2 ` ERPG-1 ° TEEL-1 ` AIEC r

Source
of

AIEC

Orgnntc Compounds
Aromatic Halo enated Hydrocarbons

2,3,4,6-Tetrachlorophenol 58-90-2 ND ND ND ND ND ND ND
4-Chloro-3-meth 1 henol 59-50-7 ND ND ND ND ND 2.00E+0I 2.OOE+01 TEEL-1

Aromatic Nonhalo enated H drocarbons
2-Nitrotoluene 88-72-2 ND ND ND ND ND 3.50E+01 3.50E+01 TEEL-l
4-Nitrobi hen l 92-93-3 ND ND ND ND ND 7.50E-01 7.50E-01 TEEL-1
Benzaldehyde 100-52-7 ND ND ND ND ND 1.50E+01 1.50E+01 TEEL-1
Benzene 71-43-2 ND 1.30E+00 ND ND 1.56E+02 1.56E+02 1.30E+00 AREL
Be 1 alcohol 100-51-6 ND ND ND ND ND 6.00E+01 6.00E+01 TEEL-1
Ethy l benzene 100-01-4 ND ND ND ND ND 5.00E+02 5.00E+02 TEEL-1
m-X lene 108-38-3 ND 2.20E+01 ND ND ND 6.OOE+02 2.2013+01 AREL
o-Xylene 95-47-6 ND 2.20E+01 ND ND ND 6.00E+02 2.20E+01 AREL
p-Xylene 106-42-3 ND 2.20E+01 ND ND ND 6.00E+02 2.20Et01 AREL
Styrene 100-42-5 ND 2.10E+01 ND ND 2.13E+02 2.I3E+02 2.10E+Ol AREL
Toluene 108-88-3 ND 3.70E+01 ND ND L88E+02 1.88E+02 3.70Et0I AREL

Non-aromatic Nonhalo enated Hydrocarbons

1,2-E oz butane 106-88-7 ND ND ND ND ND 3.50E+02 3.50B+02 TEI3L-1
1,3-Butadiene 106-99-0 ND ND ND ND 2.20E+01 2.20E+01 2.20E+01 ERPG-1
1,4-Dioxane 123-91-1 ND 3.00B+00 ND ND ND 3.50E+02 3.00E+00 AREL
1-Meth I ro I alcohol 78-92-2 ND ND ND ND ND 4.0013+02 4.OOE+02 TELL-1
t-Nilro ro ane 108-03-2 ND ND ND ND ND 7.50E+01 7.50E+01 TEEL-I
2,2,4-Trimeth I entane 540-84-1 ND ND ND ND ND 3.50E+02 3.50E+02 TEELI
2-Butanone 78-93-3 ND 1.30E+01 ND ND ND 7.50E+02 1.30E+01 AREL
2-Butenaldeh yde (2-Butenal ) 4170-30-3 ND ND 5.4413-01 1.26E+01 6.00E+00 6.OOE+00 5.44E-01 AEGG1
2-Ethox ethanol 110-80-5 ND 3.70E-01 ND ND ND 5.00E+01 3.70E-01 AREL
2-Heptanone 110-43-0 ND ND ND ND ND 4.OOE+02 4.00E+02 TEEL-1
2-Hexanone 591-78-6 ND ND ND ND ND 4.00E+01 4.00E+01 TEEL-1
2-Methoxyethanol 109-86-4 ND 9.30E-02 ND ND ND 1.50E+01 9.30E-02 AREL
2-Meth I-2- ro anol 75-65-0 ND ND ND ND ND 4.001?+02 4.00E+02 TEEL-1
2-Meth I-2- ra nenitrile 126-98-7 ND ND ND 3.02E+00 ND 2.50E+00 2.50E+00 TEEL-1
2-Meth laziridine 75-55-8 ND ND ND 2.57E+01 ND 1.25E+01 I.25H+01 TEEL-1
2-Meth I ro I alcohol 78-83-1 ND ND ND ND ND 4.00E+02 4.00E+02 TEEL.1
2-Pentanone 107-87-9 ND ND ND ND ND 7.50E+02 7.50E+02 'fEEL-l
2-Pro p anone (Acetone) 67-64-1 ND ND ND ND ND 2.00E+03 2.00E+03 TEELI
2-Pro ened-oI 107-18-6 ND ND 4.27E+00 2.61E+01 ND 7.50E+00 4.27E+00 AEGL-1
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Table 7-11 Acute Inhalation Exposure Criteria for COPCs (mg(m3)

Chemical
of

Potential Concern

CAS
Registry

Number

NCEA
Provis.

Value' AREL ° AEGL-1 ` AEGf.-2 ` ERPG-1 ° TEEL-1' AtEC r

Source
of

ATEC

2-Propyl alcohol 67-63-0 ND 3.20E+90 ND ND ND L00E+03 310E+00 AREL

3-Heptanone
3-Meth 1-1-butanol
3-Meth 1-2-butanone

106-35-4
123-51-3
563-80-4

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

3.50F.+02
4.00E+02
6.00E+02

3.50E+02
4.00E+02
6.00E+02

TEEL-1
TEEL-1
TEEL-1

3-Pentanone
4-H tanone
4-Meth 1-2- entanone
4-Meth 1-3- enten-2-one
5-Meth 1-2-hexanone

96-22-0
123-19-3
108-10-1
141-79-7
110-12-3

ND

ND
ND
ND
ND

ND

ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
2.00E+02
3.00E+02
1.00E+02
6.00E+02

ND
2.00E+02
3.G0E+02
1.00E+02
6.OOE+02

TEEL-1
TEEL-1
TEEL-1
TEEL-1

Acetaideh de 75-07-0 ND ND ND ivD i.80E+u"i i.8v"E+Oi i.80E+0i 2RPG-1

Acetamide 60-35-5 ND ND ND ND ND 7.50E+01 7.50E+01 . TEEIri

Acetic acid 64-19-7 ND ND ND ND ND 150E+01 3.50E+01 TEEl.I

Acetic acid ethyl ester 141-78-6 ND ND ND ND ND 1.50E+03 1.50E+03 TEEL-1

Acetic acid n-butyl ester 123-86-4 ND ND ND ND 2.40E+01 2.4011+01 2.40E+01 ERPG-1

Acetonitrile 75-05-8 ND ND ND ND ND 1.00E+02 1.00E+02 TEELlI

Acrolein 107-02-8 ND 1.90E-04 6.8811-02 2.2911-01 2.00E-01 2.00E-01 1.90E-04 AREL

Ac lonitrile 107-13-I ND ND ND ND 2.20E+01 2.20E+01 2.20E+01 ERPG-1

Bis(iso ro 1 ether 108-20-3 ND ND ND ND ND ND ND

Butane 106-97-8 ND ND ND ND ND 5.OOE+03 5.OOE+03 TEEL-1

Carbon disulfide 75-15-0 ND 6.20E+00 ND ND 3.00E+00 3.00E+01 6.20E+00 AREL

C ano en 460-19-5 ND ND ND ND ND 2:00E+01 2.00E+01 TEEL-1

C clohexane
clohexanone

Cyclohexene

110-82-7
108-94-1
110-83-8

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

3.0011+03
2.00E+02
1.00E+03

3.00E+03
2.00E+02
1.00E+03

TEElrI
TEEI.-1
TEEL-1

clo entane 287-92-3 ND. ND ND ND ND 5.00E+03 5.00E+43 TEEL-1

Ethy l alcohol 64-17-5 ND ND ND ND ND 5.00E+03 5.00E+03 TEEL-1

Ethy l ether 60-29-7 ND ND ND ND ND 1.50E+03 1.50E+03 TEEL-1

Eth lmetha late 97-63-2 ND ND ND ND ND 7.5011+00 7.5011+00 TEETr1

Formaldeh e 50-00-0 ND 9.40E-02 ND ND 1.25E+00 1.25E+00 9.40E-02 AREL

Fortnamide 75-12-7 ND ND ND ND ND 1.50E+01 1.50E+01 TEEL.1

Formic acid 64-18-6 ND ND ND ND ND 1.50E+01 1.50E+01 TEEL-1

Formic acid, methyl ester 107-31-3 ND ND ND ND ND 3.50E+02 3.50E+02 TEEIrI

Gl cid laldeh de 765-34-0 ND ND ND ND ND 2.00E-01 2.OOE-01 TEEL-1

Methyl acetate 79-20-9 ND ND ND ND ND ND ND

Meth t alcohol 67-56-1 ND 2.80E+01 ND ND 2.62E+02 2.62E+02 2.80E+01 AREL

Meth I isoc anate 624-83-9 ND ND ND ND 5.80E-02 5.80E-02 5.80E-02 ERPG-I
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Table 7-11 Acute Inhalation Exposure Criteria for COPCs (mg/m3)

Chemical
of

Potential Concern

CAS
Registry

Number

NCEA
Provis.

Value ` AREL ' AEGL-1 ` AEGL-2 ` ERPG-1 ° TEEL-1 AIEC r

Source
of

AIEC

Methyl methacrylate 80-62-6 ND ND ND ND ND 4.00E+02 4.00E+02 TEEL1

Methyl tert-bu l ether 1634-04-4 ND ND ND ND ND 5.00E+02 5.0013+02 TEEL-1

Meth lace lene 74-99-7 ND ND ND ND ND 2.5013+03 150E+03 TEEL-1

Meth le clohexane 108-87-2 ND ND ND ND ND 5.00E+03 5.00E+03 TEEL-I
N,N-Dimeth lacetamide 127-19-5 ND ND ND ND ND 1.00E+02 1.00E+02 TEEL-1

n-But 1 alcohol 71-36-3 ND ND ND ND ND 1.5013+02 1.50E+02 TEEL-1
n-He tane 142-82-5 ND ND ND ND ND 1.501:+03 1.50E+03 TEEL-1
n-Hexane 110-54-3 ND ND ND ND ND 5.00E+02 5.00E+02 TEEL-1
Nitromethane 75-52•5 ND ND ND ND ND 1.50E+02 1.50E+02 TEEL-1
n-Nonane 111-84-2 ND ND ND ND ND 3.00E+03 3.OOE+03 TEEL-1
n-Octane 111-65-9 ND ND ND ND ND 1.2513+03 1.25E+03 TEEL-1
n-Pentane 109-66-0 ND ND ND ND ND 1,50E+03 1.50E+03 TEEL-I
n-Proionaldeh de 123-38-6 ND ND ND ND ND 7.50E+01 7.50E+01 TEEL-1
n-Pro py l alcohol 71-23-8 ND ND ND ND ND 6.00E+02 6.00E+02 TEEL-I
n-Valeraldch de 110-62-3 ND ND ND ND ND ND ND
Oxirane 75-21-8 ND ND ND 1.9813+02 ND 7.50E+00 7.50E+00 TEEL-l
p^Cymcnc 99-87-6 ND ND ND ND ND ND ND
Phosgene

j

75-44-5 ND 4.00E-03 ND 1.2113+00 ND 4.00E-01 4.0013.03 AREL
Propargyl alcohol 107-19-7 ND ND ND ND ND 4.00E+00 4.00E+00 TEE41
Proionic acid 79-09-4 ND ND ND ND ND 3.00E+01 3.00E+01 TEEL-1
Proionitrile 107-12-0 ND ND ND 1.67E+01 ND 3.50E+01 1.67E+01 AEGL-2

ethe,Pro lene lcol monomet 107-98-2 ND ND ND ND ND 5.OOE+02 5.OOE+02 TEELI

p -tert-Butyltoluene 98-51-1 ND ND ND ND ND ND ND
Trieth lamine 121-44-8 ND 2.80E+00 ND ND ND 1Z5E+01 2.8013+00 AREF.

Trimethylamine 75-50-3 ND ND ND ND 2.4013-01 3.50E+01 2.40E-01 ERPG-1
Vin lacetate 108-05-4 ND ND ND ND 1.50E+01 1.50E+01 1.50E+01 ERPG-1

Non-aromatic Halogenated Hydrocarbons
1,1,1,2-Tetrachloro-22-difluoroethane 76-11-9 ND ND ND ND ND ND ND
1,1,1,2-Tetrachloraethane 630-20-6 ND ND ND ND ND 6.0013+01 6.00E+01 TEEL-1
1,1,1-Trichloroethane 71-55-6 ND 6.8013+01 ND ND 1.93E+03 1.93E+03 6.80E+01 AREL
1,1,2,2-Tetrachloro-1,2-difluoroethane 76-12-0 ND ND ND ND ND ND ND
1122-Tetrachloroethane 79-34-5 ND ND ND ND ND 2.00E+01 2.00E+01 TEEL-1
1122-Tetrachloroethene 127-18-4 ND 2.00E+01 ND ND 6.89E+02 6.89E+02 2.00E+01 AREL
1,1,2-Trichloroethane 79-00-5 ND ND ND ND ND 5.00E+01 5.00E+01 TEEL-I
1,1,2-Trichloroeth lene 79-01-6 ND ND ND ND 5.38E+02 5.3813+02 5.38E+02 ERPG-1
1 , 1-Dichloroethane 75-34-3 ND ND ND ND ND 1.25E+03 1.25E+03 TEEL-I

Page 7-91



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

Table 7-11 Acute Inhalation Exposure Criteria for COPCs (mglm)

Chemical
of

Potential Concern

CAS
Registry

Number

NCEA
Provis.

Value AREL ° AEGL-1 ` AEGlr2 ` ERPG-1 d TEEL-1 AIEC r

Source
of

AIEC

1,1-Dichloroethene 75-35-4 ND ND ND ND ND 7.50E+01 7.50E+01 TEEL}l
I22-Trichloro-1,l,2-trifluoroethane 76-13-1 ND ND ND ND ND 1.00E+04 1.00E+04 TEEL-1
1,2,3-Trichloro ro ane 96-18-4 ND ND ND ND ND 6.OOE+01 6.00E+01 TEEL-1
1,2-Dibromo-3-chlaro ro ane 96-12-8 ND ND ND ND ND 3.O0E-02 3.00E-02 TEEL-l
12-Dichloro-1,1,2,2detrafluoroethane 76-14-2 ND ND ND ND ND 2.00E+04 2.OOE+04 TEEL.I
1,2-Dichloroethane 107-06-2 ND ND ND ND 2.02E+02 2.02E+02 2.02E+02 ERPG-1

chloroeth lene 540-59-0 ND ND 5.30E+01 1.60E+02 ND 2.00E+03 5.30E+01 AEGL-1
D chloro ro aneH 78-87-5 ND ND ND ND ND 5.00E+02 5.006+02 TEEL-1

1,3-Dichloro rone 542-75-6 ND ND ND ND ND 1.25E+01 1.25E+01 TEEL-1
1,4dJ1chl0lo-2-butenC 764-41-U ND ND NL NO NU 7.5Vt^112 7.5Vt•ru2 1hEL-1

1-Chloroethene 75-01-4 ND 1.80E+02 ND ND ND 1.25E+01 1.80E+02 AREL
2,2-Diclilora ra ionicacid 75-99-0 ND ND ND ND ND ND ND
2-Chloro propane 75-29-6 ND ND ND ND ND 125E+04 1.25E+04 TEEL-1
3-Chloro rone (Allyl chloride 107-05-1 ND ND ND ND 7.50E+00 7.50E+00 7.50E+00 ERPG-1
Bromochloromethane 74-97-5 ND ND ND ND ND 3.OOE+03 3.00E+03 TEEL-I
Bromodichloromethane 75-27-4 ND ND ND ND ND 4.OOE+00 4.00E+00 TEEL-1
Bromoethene 593-60-2 ND ND ND ND ND 6.OOE+01 6.00E+01 TEEL-I
Bromoform 75-25-2 ND ND ND ND ND 5.00E+00 5.00E+00 TEEL-1
Bromomethane 74-83-9 ND 3.90E+00 ND ND ND 7.50E+01 3.90E+00 AREL
Carbon tetrachloride 56-23-5 ND 1.90E+00 7.54E+01 4.27E+02 1.28E+02 1.28E+02 1.90E+00 AREL
Chlorodibromomethane 124-08-1 ND ND ND ND ND 6.00E+00 6.00E+00 TEEL-1
Chlorodifluoromethane 75-45-6 ND ND ND ND ND 4.00E+03 4.DOE+03 TEEL-l
Chloroethane 75-00-3 ND ND ND ND ND 2.50E+03 2.50E+03 TEEL-l
Chloroform 67-66-3 ND 1.50E-01 ND 4.29E+02 ND 1.00E+01 1.5013-01 ARfiL
Chloromethane 74-87-3 ND ND ND ND ND 2.00E+02 2.OOE+02 TEEI`1
Chloro tafluoroethane 76-15-3 ND ND ND ND ND 1.50E+04 1.50E+04 TEEL-1
cis-1,2-Dichloroethene 156-59-2 ND ND ND ND ND 7.50E+02 7.50E+02 TEEL-1
cis-1,3-Dichloro roe 10061-01-5 ND ND ND ND ND 1.25E+01 1.25E+01 TEEL-1
C ano en bromide 506-68-3 ND ND ND ND ND 4.40E+01 4.40E+01 TEEL-1
Cyanogen chloride 506-77-4 ND ND ND ND ND 7.50E-01 7.50E-01 TEEL-I
Dichlorodifluoromethane 75-71-8 ND ND ND ND ND 1.50E+04 1.50E+04 TEEL-I
Dichlorofluoromethane 75-43-4 ND ND ND ND ND 1,25E+02 1.25E+02 TEEGI
Dichloromethane 75-09-2 ND 1.40E+01 ND ND 6.96E+02 6.96E+02 1.40E+01 AREL
Difluorodibromomethane 75-61-6 ND ND ND ND ND ND ND
Hexafluoroacetone 684-16-2 ND ND ND ND ND I.OOE+00 1.00E+00 TEEIlI
lodomethane 74-88-4 ND ND ND ND 1.50E+02 1.50E+02 1.50E+02 ERPG-I

Page 7-92



24590-WTP-RPi-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

Table 7-11 Acute Inhalation Exposure Criteria for COPCs (mg/m3)

Chemical
of

Potential Concern
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Registry

Number
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Value ` AREL ^ AEGL-1 AEGL-2 ` ERPG-1 a T'EEL-1 AIEC t

Source
of

AIEC

Meth lene bromide 74-95-3 ND ND ND ND ND 2.50E+02 2.50E+02 TEEL-1

Pentachloroethane 76-01-7 ND ND ND ND ND 3.00E+01 3.00E+01 TEEL-1

trans-1,2-Dichloroeth lene 156-60-5 ND ND ND ND ND 5.00E+01 5.00E+01 TEEL-1
trans-1,3-Dichlo ro e 10061-02-6 ND ND ND ND ND 1.25E+01 1.25E+01 TEEL-1

Trichloroacetic acid 76-03-9 ND ND ND ND ND 6.00E+40 6.00E+00 TEEL-1
Trichlorofluoroethane 27154-33-2 ND ND ND ND ND ND ND

Trichlorofluoromethane 75-69-4 ND ND ND ND ND 2.50E+03 2.5013+03 TEEL-1

Trifluorobromomethane 75-63-8 ND ND ND ND ND 1.50E+04 1.5013+04 TEEL-I
Dioxin and Furan Com ounds (PCDDs/PCDFs)

1 2 3 4 6 7 8-He tachlorodibenzo dioxin 35822-46-9 ND ND ND ND ND 6.OOE-01 6.00E-01 TEEL-1

I 2 3,4,6,7,8-He tachlorodibenzofiuan 67562-39-0 ND ND ND ND ND 1.50E-01 1.50&01 TEEL-1

I,2,3,4,7,8 9-He tachlorodibenzofuran 55673-89-7 ND ND ND ND ND 2.50E-01 2.50E-01 TEEL-1
1,2,3,4,7,8-Hexachlorodibemo ioxin 39227-28-6 ND ND ND ND ND 1.25E-03 1.25E-03 TEEL-1
l,2,3,4,7,8-Ylexachlorodibenzofuran 70648-26-9 ND ND ND ND ND 7.50E-03 7.50E-03 THEL-1
1,2 3 6 7 8-Hexachlorodibenzo ioxin 57653-85-7 ND ND ND ND ND 1.50E-02 1.50E-02 TEEL-1
1 2 3 6 7 8-Hexachlorodibenzofuran 57117-44-9 ND ND ND ND ND 2.50E-03 2.50E-03 TEEL-1
12,3,7,8,9-Hexachlorodibenzo ioxin 19408-74-3 ND ND ND ND ND 1.50E-02 1.50E-02 TEEL-I
123,7,8,9-Hexachlorodibenzofuran 72918-21-9 ND ND ND ND ND 1.25&01 1.258-01 TEEL-1
1,2,3,7,8-Pentachlorodibenzo ioxin 40321-764 ND ND ND ND ND 2.50H-03 2.50E-03 TEEL.1
12,3,7,8-Pentach1orodibenzofuran 57117-41-6 ND ND ND ND ND 7.50E-03 7.50&03 TEEL-I
2,3 4,6,7 8-Hexachlorodibenzofuran 60851-34-5 ND ND ND ND ND 1.5013-03 1.50E-03 TEEL-1

2 3 4 7 8-Pentachlorodibenzofuran 57117-31-0 ND ND ND ND ND 7.5013-05 7.50E-05 TEEL-1
2 3 7,8-Tetrachtorodibenzo dioxin 1746-01-6 ND ND ND ND ND 1.50E-03 1.50&03 TEEL-1
2,3,7,8-Tetrachlorodibemofuran 51207-31-9 ND ND ND ND ND 2.00E-03 2.OOE-03 TEEL-1
Dibenzofuran 132-64-9 ND ND ND ND ND 3.00E+01 3.00E+01 'fEEL-1
Octachlorodibenz dioxin 3268-87-9 ND ND ND ND ND 7.50E-02 7.5013-02 'fEEL-1
Octachlorodibcnzofuran 39001-02-0 ND ND ND ND ND 7.50E-03 7.50E-03 TEEL-1

Pol chtorinat ed Bi hen ls PCBs)

2,2' 3 3' 4,4',5-H tachlorobi hen 1 35065-30-6 ND ND ND ND ND ND ND
2 2',3,4,4',5,5'-He tachlorobi hen 1 35065-29-3 ND ND ND ND ND ND ND
2,3,3',4,4',5,5'-H tachlorobi hen 1 39635-31-9 ND ND ND ND ND ND ND
2,3 3' 4 4' 5'-Hexachlorobi hen I 69782-90-7 ND ND ND ND ND ND ND
2,3,3',4,4',5-Hexachlorobi hen 1 38380-08-4 ND ND ND ND ND ND ND
2,3,3',4,4'-Pentachlorobi hen I 32598-14-4 ND ND ND ND ND ND ND
2,3',4,4',5,5'-Hexachlorobi hen I 52663-72-6 ND ND ND ND ND ND ND
2,3,4,4',5-Pentachlorobi hen 1 74472-37-0 ND ND ND ND ND ND ND
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Chemical
of

Potential Concern

CAS
Registry

Number

NCEA
Provis.

Value' AREL" AEGL-1 ` AEGL-2 ERPG-1 ° TEEL-1 ` AIEC r

Source
of

AIEC

2',3,4,4' S-Pentachlorobi hen 1 65510-04-3 ND ND ND ND ND ND ND
2,3',44'5-Pentachlorobi hen I 31508-00-6 ND ND ND ND ND ND ND
3,3;4,4',5,5'-Hexachlorobi phenyl 32774-16-6 ND ND ND ND ND ND ND
3,3' 4 4',5-Pentachlorobi hen I 57465-28-8 ND ND ND ND ND ND ND
3,3',4,4'-Tetrachlorobi hen 1 32598-13-3 ND ND ND ND ND ND ND
3,4,4',5-Tetrachlorobi hen 1 70362-50-4 ND ND ND ND ND ND ND

Pol chlorinated bi hen Is ( PCBs) 1336-36-3 4.00E-02 ND ND ND ND 3.00E+00 4.OOE-02 NCEA
Phthalates

Bis 2-eth lhex 1 hthalate (DEHP) 117-81-7 ND ND ND ND ND I.o0E+01 I.OOE+OI TEEL-1
Bn Ib¢ 1 phthalate 85-67i-{ NlJ 1VD [VL NL ND 1.5UE+Ul 1.5uE+V1 TEE1r1

Dibut l phthalate 84-74-2 ND ND ND ND ND 1.50E+01 1.50E+01 TEEL-1
Dieth 1 phthalate 84-66-2 ND ND ND ND ND 1.SOE+01 LSOE+OI TEEGl
Dimeth 1 hthalate 131-11-3 ND ND ND ND ND 1.50E+01 1.50E+01 TEEL-1
n-Dioc 1 phthalate 117-84-0 ND ND ND ND ND 5.OOE+01 5.00E+01 TEEIII

Lig ht Pol c clic Aromatic Hydrocarbons (molecular wei ht <200 mole

2-Chloronapthatene 91-58-7 ND ND ND ND ND 6.00E-01 6.00E-01 TEEL-1
2-Methyl naphthalene 91-57-6 ND ND ND ND ND 2.00E+01 2.00E+41 TEEL-1

5-Nitroacenaphthene 602-87-9 ND ND ND ND ND ND ND
Acena hthene 83-32-9 ND ND ND ND ND 1.25E+00 1.25E+40 TEEL.1
Acena hth lene 209-96-8 ND ND ND ND ND 2.00P101 2.00E-01 TEEL-1
Anthracene 120-12-7 ND ND ND ND ND 6.00E+00 6.00E+00 TEEL-1
Fluorene 86-73-7 ND ND ND ND ND 150E+01 2.50E+01 TEEL-1
Indene 95-13-6 ND ND ND ND ND 4.00E+01 4.o0H+01 TEEL-1

Naphthalene 91-20-3 ND ND ND ND ND 7.SOE+01 7.SOB+01 TEEL-1
Phenanthrene 85-01-8 11 ND ND ND ND ND L00E+00 1.00E+00 TEE1l1

Pyrene 129-00-0 ND ND ND ND ND L50E+01 1.50E+01 TEEIIl
Heavy Pal c clic Aromatic Hydrocarbons molecularwei ht>200 Imole

3-Meth leholanthrene 56-49-5 ND ND ND ND ND 6.00E-01 6.00E-01 TEEL-1
5-Meth Ic sene 3697-24-3 ND ND ND ND ND ND ND
Benzo a anthracene 56-55-3 ND ND ND ND ND 3.00E-01 3.00E-01 TEEL-1
Benzo a ene 50-32-8 ND ND ND ND ND 6.00E-01 6.00E-01 TEEL-1
Benzo ' e 191-30-0 ND ND ND ND ND ND ND
Benzo )Buoranthene 205-99-2 ND ND ND ND ND 6.00E-01 6.OOE-01 TEEL-1
Benzo e ene 192-97-2 ND ND ND ND ND ND ND
Benzo h,i lene 191-24-2 ND ND ND ND ND 3.00E+01 3.o0B+01 TEEL-1
Benzo')fluoranthene 205-82-3 ND ND ND ND ND ND ND
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Chemical
of

Potential Concern
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Registry

Number

NCEA
Provis,

Value' AREL b AEGG1 ` AEGL-2 ` ERPG-1 ° TEELr1' AIEC r

Source
of

AIEC

Benzo k fluoranthcne 207-08-9 ND ND ND ND ND 6.00E-01 6.00E-01 TEEL-I

C sene 218-01-9 ND ND ND ND ND 6.0011-01 6.00E-01 TEEL-1

Dibenz a,h acridine 226-36-8 ND ND ND ND ND ND ND

Dibenz(a,h)anthracene 53-70-3 ND ND ND ND ND 3.0011+01 3.00E+01 TEEL-1
Dibenz ' acridine 224-42-0 ND ND ND ND ND ND ND

Dibenzo e fluoranthene 5385-75-I ND ND ND ND ND ND ND

Dibenza e ene 192-65-4 ND ND ND ND ND 1.00E-01 1.00E-01 TEEL-1
Dibenzoa,h)fluoranthene NoCAS# ND ND ND ND ND ND ND

Dibenzo(a,h ene 189-64-0 ND ND ND ND ND ND ND

Dibenzo(a i ene 189-55-9 ND ND ND ND ND ND ND

Fluoranthene 206-44-0 ND ND ND ND ND 1.50E-02 1.50E-02 TEEL-I
Hexachlorona hthalene 1335-87-1 ND ND ND ND ND 2.0013,01 2.00E-01 TEEL-1
lndeno 123-cd e 193-39-5 ND ND ND ND ND 5.0OE-01 5.00E-01 TEELrI
Octachlorona hthalene 2234-13-1 ND ND ND ND ND 3.OOE-01 3.00E-01 TEEL-I
Pentachlorona hthalene 1321-64-8 ND ND ND ND ND ND ND
Telrachlorona hthalene 1335-88-2 ND ND ND ND ND ND ND
Trichlorona hthalene 1321-65-9 ND ND ND ND ND ND ND

Li htSubstitutedBenzeneCom ounds molecularwei ht<200 mole

1,2,3-Trichlorobervxne 87-61-6 ND ND ND ND ND 1.50E+01 1.5011+01 TEEL-1
1,2,4-Trichlorobenzene 120-82-I ND ND ND ND ND 150E+01 3.5011+01 TEEL-1
1,2,4-Trimeth l benzene 95-63-6 ND ND ND ND ND 1.50E+02 1.50E+02 TEEL-1
1,2-Dichlorobenzene 95-50-1 ND ND ND ND ND 3.00E+02 3.00E+02 TEEL-1
1,3,5-Trimeth l benzene 108-67-8 ND ND ND ND ND 1.25E+02 1.25E+02 TEEL-1
1,3-Dichlorobeazene 541-73-1 ND ND ND ND ND 1.25E+01 1.25E+01 TEEL-1
1,3-Dinitrobenzene 99-65-0 ND ND ND ND ND 3.00E+00 3.00E+00 TEEL-1
1,4-Dichlorobenzene 106-46-7 ND ND ND ND ND 6.00E+02 6.00E+02 TF,EI-I
1,4-Dinitrobenzene 100-25-0 ND ND ND ND ND 3.00E+00 3.00E+00 TF.P,L-1

2,4,5-Trichlorophenol 95-95-4 ND ND ND ND ND 3.00E+01 3.00E+01 TEEL-1
2,4,6-Trichloro henol 88-06-2 ND ND ND ND ND 3.00E+01 3.00E+01 TEEI`I
2 4-Dichloro henol 120-83-2 ND ND ND ND ND 3.OOE+01 3.00E+01 7tEL-1
2,4-Dimeth 1 henol 105-67-9 ND ND ND ND ND 6.00E+00 6.00E+00 TEEL-1
2,4-Dinitro henol 51-28-5 ND ND ND ND ND 7.50E+00 7.50E+00 TEEL-1
2,4-Dinitrotoluene 121-14-2 ND ND ND ND ND 6.00E-01 6.00E-01 TEEL-1
2,6-Dinitrotoluene 606-20-2 ND ND ND ND ND 6.00E-01 6.00F01 TEEL-l
2-Chloro phenol 95-57-8 ND ND ND ND ND 6.00E+00 6.D0E+00 TEEL-1
2-Chlorotoluene 95-49-8 ND ND ND ND ND 4.00E+02 4.00E+02 TEEGI
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Potential Concern
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Source
of

AIEC

2-Nitro henol 88-75-5 ND ND ND ND ND 4.00E+00 4.00E+00 TEEL-1

4,6-Dinitro-o-cresol 534-52-1 ND ND ND ND ND 2.00E-01 2.00E-01 TEEL-1

4-Chlorotoluene 106-43-4 ND ND ND ND ND 3.50E+02 3.50E+02 TEEL-1

4-Nitrophenol 100-02-7 ND ND ND ND ND 2.50E+00 2.50E+00 TEEL-I

al ha-Meth 1 ne 98-83-9 ND ND ND ND ND ND ND

Aniline 62-53-3 ND ND 3.00E+01 4b0E+01 ND 2.00E+01 3.00E+01 AEGLrI

Benzotrlchloride 98-07-7 ND ND ND ND ND 1.00E-01 1.00E-01 TEEL-1

Be I chloride 100-04-7 ND 2.40E-01 ND ND 5.20E+00 5.20E+00 2.40E-01 AREL

Bromobenzene 108-86-1 ND ND ND ND ND 1.50E+01 1.50E+01 TEEL-I

Chlorobenzene 108-90-7 ND ND ND ND ND 1.25E+02 1.25E+02 TEElrI

Cumene 98-82-8 ND ND ND ND ND 2.50E+02 2.50E+02 TEEL-I
m-Cresol 108-39.4 ND ND ND ND ND 2.00E+01 2.00E+01 TEEL-1
n-Bu lbenzene 104-51-8 ND ND ND ND ND 1.25E+02 1.25E+02 TEEL-1
Nitrobenzene 98-95-3 ND ND ND ND ND 1.50E+01 1.50E+01 TEEL-1

n-Propyl benzene 103-65-1 ND ND ND ND ND 4.OOE+02 4.00E+02 TEEL-1

o-Cresol 95-48-7 ND ND ND ND ND 2.OOE+01 2.00E+01 TF,El11

o-Dinitrobenzene 528-29-0 ND ND ND ND ND 3.00E+00 3.00E+00 TEEL-1
o-Nitroaniline 88-74-4 ND ND ND ND ND 2.00E+01 2.00E+01 TEEL-1
o-Tofuidine 95-53-4 ND ND ND ND ND 2.50E+01 2.50E+01 TEEL-1

Chloroaniline 106-47-8 ND ND ND ND ND 3.00E+01 3.00E+01 TEEL-1
Cresol 106-44-5 ND ND ND ND ND 2.00E+01 2.00E+01 TEEL-1

Phenol 108-95-2 ND 5.80E+00 ND ND 4.00E+01 4.00E+01 5.80E+00 AREL

-Nitrochlorobenzene 100-00-5 ND ND ND ND ND 1.92E+00 1.92E+00 TEEL•1

-Toluidine 106-09-0 ND ND ND ND ND 6.00E+00 6.OOE+00 TEELfI

sec-Butyl benzene 135-98-8 ND ND ND ND ND 2.50E+01 2.50E+01 TEEL-1

tert-Butyl benzene 98-06-6 ND ND ND ND ND 1.25E+02 1.25E+02 TEEL-1
Toluene-2 6-diamine 823-40-5 ND ND ND ND ND 4.OOE+00 4.00E+00 TEEL-1

Trimethyl benzene 25551-13-7 ND ND ND ND ND ND ND
Other Li g ht S emivolatile Com ounda (molecular wei ht <200 mole

1,1'-Bi hen 1 92-52-4 ND ND ND ND ND 3.90E+00 3.90E+00 TEEL-1
1,1-Dimeth Ih drazine 57-14-7 ND ND ND 7.40E+00 ND 7.50E-02 7.50E-02 TEELd
1,2-Dimeth Ih azine 540-73-8 ND ND ND 7.40E+00 ND 1.25E+00 1.25E+00 TEEL-1
1,2-Di hen ]h drazine 122-66-7 ND ND ND ND ND 3.OOE+01 3.00E+01 TEEL-1
1,3-Pro anesuitone 1120-71-0 ND ND ND ND ND 1.25E+00 1.2513+00 TEELd
24-'1'oluenediisocante 584-84-9 ND ND 1.42E-01 8.54E-01 7.OOF02 7.00E-02 1.42E-01 AEGL-1
2-Chloroaceto henone 532-27-4 ND ND ND ND ND ND ND
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Source
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2-Prop enoic acid 79-10-7 ND 6.00E+00 ND ND 6.OOE+00 6.00E+00 6.00E+00 AREL
4,4'-MetA lenedianiline 101-77-9 ND ND ND ND ND 7.50E-01 7.50E-0I TEEL-1
Acetop henone 98-86-2 ND ND ND ND ND 3.0OE+01 3.00E+01 TEEL-1
Benzoic acid 65-95-0 ND ND ND ND ND 1.25E+01 1.25E+01 TEEL-1
Bis 2-chloruethox methane 111-91-1 ND ND ND ND ND 1.50E+01 1.50E+01 TEEL-1
Bis 2-chloroeth 1 ether I11-44-4 ND ND ND ND ND 6.00E+01 6.00E+01 TEEL-1
Chloroc clo entadiene 41851-50-7 ND ND ND ND ND ND ND

clohexanol 108-93-0 ND ND ND ND ND 2.00E+02 2.00E+02 TEEL-1
Dichloroiso ro 1 ether 108-60-1 ND ND ND ND ND 7.50E+01 7.50E+01 TEEL-1
Dichlorometh l ether 542-88-1 ND ND ND ND ND 1.2513-02 1.251r02 TEEL-1
Dichlorontadiene 61626-71-9 ND ND ND ND ND ND ND
Dimethyl sulfate 77-78-1 ND ND ND ND ND 5.00E+00 5.00E+00 TEEL-1
Dimethy laniline 121-69-7 ND ND ND ND ND 5.00E+01 5.00E+01 TEEL-1
di-n-Pro Initrosamine 621-64-7 ND ND ND ND ND 2.00E-01 2.00E-01 TEEL-1
Di hen I ether 101-84-8 ND ND ND ND ND ND ND
E ichloroh drin 106-89-8 ND 1.30E+00 1.8913+01 9.08E+01 7.50E+00 7.5013+00 1.30E+00 AREL
Ethy l carbamate (Urethane ) 51-79-6 ND ND ND ND ND 5.00E+02 5.00E+02 TEEL-1
Ethy l methanesulfonate 62-50-0 ND ND ND ND ND 1.5013+00 1.5013+00 TEEL-t
Ethylene dibromide 106-93-4 ND ND ND ND ND 2.00E+02 2.00E+02 TEEL-1
Ethylene glycol 107-21-1 ND ND ND ND ND 5.00E+01 5.00E+01 TEEL11
Ethylene g lycol monobutyl ether 111-76-2 ND 1.40E+01 ND ND ND 2.50E+02 1.40E+01 AREL
Ethylene glycol monoethy l ether acetate 111-15-9 ND 1.4013-01 ND ND ND 7.50E+01 1.4013-01 AREL
Eth lene thiourea 96-45-7 ND ND ND ND ND 1.00E+01 1.00E+01 TEEL-1
Furfural 98-01-1 ND ND ND ND 9.OOE+00 8.00E+00 8.OOE+00 ERPO-1
Maleic h drazide 123-33-I ND ND ND ND ND 2.00E+00 2.00E+00 TEEL-1
Malononitrile 109-77-3 ND ND ND ND ND 8.00E+00 8d10E+00 TEEL-1
Methyl styrene (mixed isomers 25013-15-4 ND ND ND ND ND ND ND
Meth lh drazine 60-34-4 ND ND ND I.90E+00 ND 3.50E-01 3.50E-01 TEEL-1
N,N-Di hen lamine 122-39-4 ND ND ND ND ND 3.0013+01 3.0013+01 TEEL-l
Nitric acid ro1 ester 627-13-4 ND ND ND ND ND 1.50E+02 1.50E+02 TEEL-I
N-Nitrosodi-n-bu lamine 924-16-3 ND ND ND ND ND ND ND
N-Nitrosomorpholine 59-89-2 ND ND ND ND ND 3.00E+01 3.00E+01 TEEL-I
N-Nitroso-N N-dimeth lamine 62-75-9 ND ND ND ND ND 1.00E+01 1.00E+01 TEEL-1
o-Anisidine 90-04-0 ND ND ND ND ND 1.50E+00 1.50E+00 TEEL-1
Oxalic acid 144-62-7 ND ND ND ND ND 2.00E+00 2.oDE+00 TEEL-1
Phthalic anh dride 85-44-9 ND ND ND ND ND 1.20E+01 1.20E+01 TEEL-1
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p-Plithalic acid 100-21-0 ND ND ND ND ND ND ND
Pyridine 110•86-1 ND ND ND ND ND 5.00E+01 5.ODE+01 TEEL4
Quinoline 91-22-5 ND ND ND ND ND 3.50E+00 3.50E+00 TEEL-1
Quinone 106-51-4 ND ND ND ND ND 1.25E+00 1.25E+00 TEEL-I
Safrole 94-59-7 ND ND ND ND ND 1.50E+01 1.50E+01 TEEL-1
Te6ah drofuran 109-99-9 ND ND ND ND ND 7.50E+02 7.50E+02 TEEL-I

OtherHea Compuunds molecularwei ht>20D mole
1,2,4,5-Tetmchlorobenzene 95-94-3 ND ND ND ND ND 3.0OE+0I 3.00E+01 TEEL-1
1,3,5-Trinitrobenzene 99-35-0 ND ND ND ND ND 3.0OE+0I 3.OOE+01 TEEL-1
2,6-Bis tert-bu 1-4-me I henol 128-37-0 ND ND ND ND ND 6.OOE+00 6.00E+00 TEEL-1
2- clohe l-4,6-dinitro henol 131-89-5 ND ND ND ND ND ND ND
2-seo-Bu t-0,6-dinitrohenol 88-85-7 ND ND ND ND ND 4.50E+00 4.50E+40 TEEL-1
3 3'-Dichlorobenzidine 91-94-1 ND ND ND ND ND 6.OQE+00 6.OOE+00 TEEL-1
3 3'-Dimethox benzidine 119-90-4 ND ND ND ND ND 5.OOE+00 5.00E+00 TEEL-1
4-Bromo hen I hen l ether 101-55-3 ND ND ND ND ND 6.00E+00 6.00E+00 TEEL-1
Ammonium erfluorooctanoate 3825-26-1 ND ND ND ND ND ND ND
Azobenzene 103-33-3 ND ND ND ND ND ND ND
Bis 3-tert-bu I-4-h dro -6-meth l- hen l sulfide 96-69-5 ND ND ND ND ND 3.00E+01 3.00E+01 TEEL-1
Captan 133-06-2 ND ND ND ND ND I.50E+01 1.50E+01 TEEL-1
Chlorobenzilate 510-15-6 ND ND ND ND ND 2.50E-01 2.50E-0I TEEL,I
Dibu 1 hos hate 107-66-0 ND ND ND ND ND 1.50E+01 1.50E+01 TEEL-1
Dimeth l aminoazobenzene 60-11-7 ND ND ND ND ND 5.OOE+01 5.00E+01 TEELd
Hexachlorobenzene 118-74-1 ND ND ND ND ND 6.OOE-03 6.OOE-03 TEEGI
Hexachlorobutadiene 87-68-3 ND ND ND ND 3.OOE+01 3.00E+01 3.OOE+01 ERPG-1
Hexachloroc clo ntadiene 77-47-4 ND ND ND ND ND 2.00E-01 2.00E-0I TEEL-I
Hexachlorcethane 67-72-1 ND NI) ND ND ND 3.00E+01 3.00E+01 TEEL-1
Hexachloro phene 70-30-4 ND ND ND ND ND 1.00E+01 LOOE+01 TEEGI
Hexameth lene-I 5-diisoc anate 822A6-0 ND ND ND ND ND 1.00E-01 1.0OE-0I TEEGI
Mirex 2385-85-5 ND ND ND ND ND 7.50E-02 7.50E-02 TEEL-1
Nitrofen 1836-75-5 ND ND ND ND ND ND ND
Pentachlorobenzene 608-93-5 ND ND ND ND ND 3.00E+01 3.00E+01 TEEL-1
Pentachloronitrobenzene 82-68-8 ND ND ND ND ND 1.50E+00 1.50E+00 TEEL-1
Pentachloro henol 87-86-5 ND ND ND ND ND 1.50E+00 1.50E+00 TEEL-1
Picric acid 88-89-1 ND ND ND ND ND 3.00E-01 3.00E-01 TEEL-1
Pronamide 23950-58-5 ND ND ND ND ND ND ND
S chnine 57-24-9 ND ND ND ND ND 3.00E-01 3.00E-01 TEEL-I
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Table 7-11 Acute Inhalation Exposure Criteria for COPCs (mg/m3 )

Chemical
of

Potential Concern

CAS
Registry

Number

NCEA
Provis.

Value' AREL ° AEGL-1 ` AEGL-2' ERPG-1 ° TEEL-1 ` AIEC t

Source
of

AIEC

Te hen ls 26140-60-3 ND ND ND ND ND 5.OOE+00 5.OOE+00 TEEL-1
Tributy l pho sphate 126-73-8 ND ND ND ND ND 6.00E+00 6.00E+00 TEEL-1
Trifluralin 1582-09-8 ND ND ND ND ND 7.50E-02 7.50E-02 TEEL-1
Tri hen lamine 603-34-9 ND ND ND ND ND ND ND

Herbicides and O anochlorinated Pesticides

2,4,5-T 93-76-5 ND ND ND ND ND 3.00E+91 3.00E+01 TEEL-1
2,4-D and esters 94-75-7 ND ND ND ND ND 1.00E+01 I.OOE+01 TEEL-1
4,4'-DDD 72-54-8 ND ND ND ND ND 3-00E+01 3.00E+01 TEEL-1
4,4'-DDE 72-55-9 ND ND ND ND ND 3.00E+01 3.OOE+01 TEEL-1
4 4'-DDT 50-29-3 ND ND ND ND ND 3.OOE+00 3.00E+00 TEEL-1
Aldrin 309-00-2 ND ND ND ND ND 7.50E-01 7.50E-01 TEEL-1
alpha-BHC 319-84-6 ND ND ND ND ND 1.50E+90 1.50E+00 TEEL-1
beta-BHC 319-85-7 ND ND ND ND ND 1.50E+00 1.50E+00 TEELA
Chlordane 57-74-9 ND ND ND ND ND 1.50E+00 1.50E+00 TEEL-1
delta-BHC 319-86-8 ND ND ND ND ND ND ND
Dieldrin 60-57-1 ND ND ND ND ND 7.50E-0 1 7.50Y'-01 TEELA
Endothatl 145-73-3 ND ND ND ND ND ND ND
Endrin 72-20-8 ND ND ND ND ND 3.00E-01 3.OOE-01 TEELA
amma-BHC (Lindane) 58-89-9 ND ND ND ND ND 1.50E+00 1.50E+00 TEEL-1
H tachlor 76-44-8 ND ND ND ND ND i.50E-01 1.50E-01 TEEL-1
Isodrin 465-73-6 ND ND ND ND ND 4.00E+00 4:00E+00 TEEL-1
Methoxychlor 72A3-5 ND ND ND ND ND 3.ODE+01 3.00E+01 TEELA
Silvex 2,4,5-TP 93-72-1 ND ND ND ND ND 3.00E+01 3.00E+01 TEELA
Toxaphene 8001-35-2 ND ND ND ND ND I.OOE+00 1.00E+00 TEELA

Inorganic Chemicals and Compounds

Metals
Aluminum 7429-90-5 ND ND ND ND ND 3.ODE+01 3.OOE+0I TEEL-1
Antimony 7440-36-0 ND ND ND ND ND 1.50E+00 1.50E+00 TEEL-1
Arsenic 7440-38-2 ND I.90E-04 ND ND ND 1.50E+00 1.90E-04 AREL
Barium 7440-39-3 ND ND ND ND ND 1.50E+00 1.50E+00 TEELA
Be llium 7440-41-7 ND ND ND ND ND 5.00E-03 5.00E-03 TEELA
Bismuth 7440-69-9 ND ND ND ND ND 5.00E+00 5.00E+00 TEEL-I
Boron 7440-42-8 ND ND ND ND ND 7.50E+00 7.50E+00 TEELA
Cadmium 7440-43-9 ND ND ND ND ND 3.00E-02 3.00E-02 TEEL-I
Calcium 7440-70-2 ND ND ND ND ND 3.00E+01 3.OOE+01 TEELr1
Chromium 18540-29-9 ND ND ND ND ND 1.50E+00 1.50E+00 TEEIrI

Page 7-99



24590-WTP-RPi-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

Table 7-11 Acute Inhalation Exposure Criteria for COPCs (mg/m3)

Chemical

of

Potential Concern

CAS

Registry

Number

NCEA

Provis.

Value' AREL ° AEGL-1' AEGL-2 ` ERPG-1 d TEEL-1 ` AD3C r

Source

of

AIEC

Cobalt 7440-08-4 ND ND ND ND ND 1.00E-01 1.0013-01 TEEL-1

Co 7440-50-8 ND 1.00E-01 ND ND ND 3.00E+00 1.O0E-01 ABEL

Iron 7439-89-6 ND ND ND ND ND 3.00E+01 3.00E+01 TEEL-1

Lead 7439-92-1 ND ND ND ND ND 1.50E-01 1.50P01 TEEL-I
Lithium 7439-93-2 ND ND ND ND ND 3.00E+01 3.00E+01 TEELI

Ma esium 7439-95-0 ND ND ND ND ND 3.00E+01 3.OOE+01 TEEL-1

Man anese 7439-96.5 ND ND ND ND ND 3.OOE+00 3.OOE+00 TEEL-1

I Mercury 7439-97-6 ND 1.80E-03 ND ND ND 1.001,01 1.8011-03 AREL
Mol bdenum 7439-98-7 ND ND ND ND ND 3.0013+01 3.00E+01 TEEL•1
NlcKel 744V-112-0 ND 6.VUE-113 NO ND ND 4.50E+00 6.00E-l13 AKEL

Potassium 7440-09-7 ND ND ND ND ND 2.0013+00 2.0013+00 TEEL-1
Rhodium 7440-16-6 ND ND ND ND ND 3.0013+00 3.OOE+00 TEEL-1
Selenium 7782-49-2 ND ND ND ND ND 6.00E^01 6.00E-01 TEEL-1
Silicon 7440-21-3 ND ND ND ND ND 3.00E+01 3.0OE+O1 TEEL-I
Silver 7440-22-4 ND ND ND ND ND 3.00E-01 3.00E-01 TEEL-I
Sodium 7440-23-5 ND ND ND ND ND 5.00E-01 5.00E-01 TEEL-I
Strontium 7440-24-6 ND ND ND ND ND 3.00E+01 3.00E+01 TEEL-1
Tantalum 7440-25-7 ND ND ND ND ND ND ND
Thallium 7440-28-0 ND ND ND ND ND 3.OOE-01 3.00E-01 TEEL-1
Tin 7440-31-5 ND ND ND ND ND 6.00E+00 6.00E+00 TEEL-1
Tun sten 7440-33-7 ND ND ND ND ND 1.0013+01 1.00E+01 TEEL-1
Uranium 7440-61-1 ND NO ND ND ND 6.00E-01 6.00E-01 TEEL-1
Vanadium 7440-62-2 ND 3.00E-02 ND ND ND 7.50E-02 3.00E-02 AREL
Yttrium 7440-65-5 NO ND ND ND ND 3.0013+00 3.00E+00 TEELrI
Zinc 7440-66-6 ND ND ND ND ND 3.00E+0I 3.00E+01 TEEL-1
Zirconium 7440-67-7 ND ND ND ND ND 1.00E+41 1.00E+01 TEEL-1

Non-metals a nd Anions
Ammonia/Anunonium 7664-41-7 ND 3.2013+00 1.74E+01 7.66E+01 1.7513+01 1.75E+91 3.20E+90 AREL

Bromide 24959-67-9 ND ND ND ND ND ND ND
Chloride 16887-00-6 ND ND ND ND ND ND ND

anide 57-12-5 ND ND ND ND ND 5.00E+00 5.00E+00 TEEL-1
Fluoride 16984-08-8 ND ND ND ND ND 2.50E+00 2.50E+00 TEEL-1
Hydroxide 14280-30-9 ND ND ND ND ND ND ND
Iodine 7553-56-2 ND ND ND ND 1.00E+00 1.00E+00 1.00E+00 ERPG-l
Nitrate 14797-55-8 ND ND ND ND ND 3.00E+0I 3.00E+01 TEEL-I
Nitrite 14797-65-0 ND ND ND ND ND ND ND
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Table 7-11 Acute Inhalation Exposure Criteria for COPCs (mg/m)

Chemical
of

Potential Concern

CAS
Registry

Number

NCEA
Provis.

Vatue' AREL ° AEGI: 1 AEGL-2 ` ERPG-1 ° TEEL-1 ° AIEC t

Source
of

AIEC

Phosphate
Phosphorus
Sulfate

14265-44-2
7723-14-0
14808-79-8

ND
ND
ND

ND
ND

1.20E-01

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
3.00E-01
ND

ND
3.OOE-01
1.20&01

TEEL-1
AREL

Total sulfur 63705-05-5 ND ND ND ND ND 4.00E-01 4.00E-0I 'fEEL-1
Criteria Pollutants

Carbon monoxide 630-08-0 ND 2.30E+01 ND ND 2.30E+02 2.30E+02 2.30E+01 AREL

Nitrogen dioxide 10102-04-0 ND 4.70E-O1 9.40E-01 2 26.E+OI ND 7.SDE+00 4.70E-O1 Al

Ozone 10028-15-6 ND 1.80E-01 ND ND ND 2.00E-01 1.80E-01 AREL

i Particulate matte NoCAS# ND ND ND ND ND 3.00E+01 3.00E+01 TEEL-1

Sulfur dioxide 7446-09-5 ND 6.60E-01 ND ND 7.5011-01 7.5013-01 6.60E-01 AREL

ND - no data available.

' Provisional acute one-hour inhalation value, obtained from National Center for Environmental Assessment (NCEA).

Acute reference exposure levels (AREL) values, obtained from California Environmental Protection Agency (EPA) (sec http://oehha.csgov/air/acute rets/a11AcRELs.html). AREL values are shown

in units of ug/m' by California EPA; these values were converted to mg/m' by dividing by 1000.

Acnte exposure guideline level (AEGLI and AEG[.2) values (ono-hour averaging time) converted to mg/m'. Original values in ppm obtained from EPA Region 10 or from EPA

Federal Register, October 30, 1997 (Volume 62, Number 210) provided in Table 7-12.

d Emergency response planning guidelines (ERPG-1) values converted to mg/ms. Original values in ppm obtained from http:/hvww.bnl.gov/scapa/seapawl.htm are provided in Table 7-12.

° Temporary emergency response limits (TEEL-1) values (Rev. 19), obtained from http://tis.eh.doe.gov/web/chem_safetyheel.html.

rAcute inhalation exposure criteria (AIEC) in mP/m', used to quan6fy harard quotients for short term inhalation exposures to chemicals of potential concern (COPCs).

The following hierarchy was used in selecting the AIEC: 1. Values from NCFA (as provided by EPA Region 10)

2.AREL

3. AEGL-I

4. ERPG-1

5. TEEI.I

6. AEGL-2 if AEGL-t missing and AEGL-2 value is smaller than all other available values.
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Table 7-12 Acute Inhalation Exposure Criteria for COPCs in Original Units of Parts per Million (ppm)

Chemical
of

Potential Concern

CAS
Registry

Number AEGL-1 AEGL-2' ERPG-1b

Conversion

Factor'

Organic Compounds . . . . . . . . . . .. . . . . .. . . . . . . . .
Aromatic Halo enated H drocarbons

2,3,4,6-Tetrachloro henol 58-90-2 ND ND ND ND

4-Chloro-3-meth 1 henol 59-50-7 ND ND ND 5.83E+00

Aromatic Nonbalo enated H drocarbons

2-Nitmtoluene 88-72-2 ND ND ND 5.61E+00

4-Nitrobi hen 1 92-93-3 ND ND ND 8.14E+00

Benzaldeh de 100-52-7 ND ND ND 4.34E+00

Benzene 71-43-2 ND ND 5.00E+01 3.19E+00

B l alcohol 100-51-6 ND ND ND 4.42E+00

Ethyl benzene 100-41-0 ND ND ND 4.34E+00

m-Xylene 108-38-3 ND ND ND 4.34E+00

o-Xylene 95-07-6 ND ND ND 4.34E+40

X lene 106A2-3 ND ND ND 4.34E+00

Styrene 100-42-5 ND ND 5.00E+01 4.26E+00

Toluene 108-88-3 ND ND 5.OOE+01 3.77E+00

Non-aromatic Nonhalo enated Hydrocarbons

12-E butane 106-88-7 ND ND ND 2.95E+00

I 3-Butadiene 106-99-0 ND ND I.00E+01 2.21E+00

1,4-Dioxane 123-91-I ND ND ND 3.60E+00

1-Meth 1 l alcohol 78-92-2 ND ND ND 3.03E+00

1-Nitro ro ane 108-03-2 ND ND ND 3.64E+00

2,2,4-Trimeth I ntane 540-84-1 ND ND ND 4.67E+00

2-Butanone 78-93-3 ND ND ND 2.95E+00

2-Butenaldehyde 2-Butenal 4170-30-3 1.90E-01 4.40E+00 2.00E+00 2.86E+00

2-Etbox ethanol 110-50-5 ND ND ND 3.68E+00

2-He tanone 11043-0 ND ND ND 4.67E+00

2-Hexanone 591-78-6 ND ND ND 4.09E+00

2-Methoxyethanol I09-864 ND ND ND 3.11E+00

2-Meth 1-2- ol 75-65-0 ND ND ND 3.03E+00

2-Meth 1-2- enitrlle 126-98-7 ND 1.10E+00 ND 2.74E+00

2-Methylaziridine 75-55-8 ND 1.10E+01 ND 2.33E+00

2-Meth 1 rolalcohol 78-83-1 ND ND ND 3.03E+00

2-Pentanone 107-87-9 ND ND ND 3.52E+00

2-Pro anone (Acetone) 67-64-1 ND ND ND 2.37E+00

2-Pro ne-1-ol 107-18-6 I.80E+00 1.10E+01 ND 2.37E+00

2-Propyl alcohol 67-63-0 ND ND ND 2.46E+00

3-H tanone 106-35-4 ND ND ND 4.67E+00

3-Meth 1-1-butanol 123-51-3 ND ND ND 3.60E+00

3-Meth 1-2-butanone 563-804 ND ND ND 3.52E+00

3-Pentanone 96-22-0 ND ND ND ND

4-Heptanone 123-19-3 ND ND ND 4.67E+00

4-Meth 1-2- entanone 108-10-1 ND ND ND 4.09E+00

4-Meth 1-3- enten-2-one 141-79-7 ND ND ND 4.01E+00

5-Meth 1-2-hexanone 110-12-3 ND ND ND 4.67E+00

Acetaldeh de 75-07-0 ND ND 1.00E+01 1.50E+00

Acetamide 60-35-5 ND ND ND 2.41E+00

Acetic acid 64-19-7 ND ND ND 2.45E+00

Acetic acid ethyl ester 141-78-6 ND ND ND 3.60E+00

Acetic acid n-buty l ester 123-86-4 ND ND S.OOE+oO 4.75E+00

Acetonitrile 75-05-8 ND ND ND 1.68E+00

Acrolein 107-02-8 3.00E-02 1.00E-01 1.00E-01 2.29E+00
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Table 7-12 Acute Inhalation Exposure Criteria for COPCs in Original Units of Parts per Million (ppm)

Chemical
of

Potential Concern

CAS
Registry

Number AEGL-1' AEGL2' G-1°
Conversion

Factor `

A lonitrile 107-13-1 ND ND 1.00E+01 2.17E+40
Bis iso ro I her 108-20-3 ND ND ND ND
Butane 106-97-8 ND ND ND 2.38E+00

Carbon disulfide 75-15-0 ND ND 1.00E+00 3.11E+00

cyanogen 460-19-5 ND ND ND 2.13E+00

Cyclohexane 110-82-7 ND ND ND 3.44E+00

Cyclohexanone 108-94-1 ND ND ND 4.01E+00
clohexene 110-83-8 ND ND ND 3.36E+00

C clo tane 287-92-3 ND ND ND 287E+00
Eth lalcohol 64-17-5 ND ND ND 1.88E+00

Eth lether 60-29-7 ND ND ND 3A3E+00

Ethyl methac late 97-63-2 ND ND ND 4.67E+40
Formaldeh de 50-00-0 ND ND 1.00E+00 1.23E+00
Formamide 75-12-7 ND ND ND 1.84E+00
Formic acid 64-18-6 ND ND ND 1.88E+00
Formic acid , methyl ester 107-31-3 ND ND ND 2.45E+00

Gl cid laldeh de 765-34-4 ND ND ND 2.95E+00

Methyl acetate 79-20-9 ND ND ND ND
Meth lalcohol 67-56-1 ND ND 2.00E+02 131E+00
Meth1 isocyanate 624-83-9 ND ND 2.50E-02 2.33E+00

Meth l m late 80-62-6 ND ND ND 4.09E+00

Methyl tert-butyl ether 1634-04-4 ND ND ND 3.60E+40
Meth lac lene 74-99-7 ND ND ND 1.64E+00

Meth 1 clohexane 108-87-2 ND ND ND 4.01E+00

N,N-Dimethylacetamide 127-19-5 ND ND ND 3.56E+00
n-Buty l alcohol 71-36-3 ND ND ND 3.03E+00
n-H tane 142-82-5 ND ND ND 4.10E+00

n-Hexane 110-54-3 ND ND ND 3.52E+00

Nitromethane 75-52-5 ND ND ND 2.50E+00

n-Nonane 111-84-2 ND ND ND 5.24E+00

n-Octane 111-65-9 ND ND ND 4.67E+00

n-Pentane 109-66-0 ND ND ND 2.95E+00
n-Propionaldehyde 123-38-6 ND ND ND 2.37E+00

n-Propyl alcohol 71-23-8 ND ND ND 2.46E+00
n-Valeraldeh de 110-62-3 ND ND ND ND

0xirane d 75-21-8 ND 1.10E+02 ND 1.80E+00
C ene 99-87-6 ND ND ND ND

Phos e 75-44-5 ND 3.00E-01 ND 4A4E+00

Prol alcohol 107-19-7 ND ND ND 2.29E+00

Propionic acid 79-09-4 ND ND ND 3.03E+00

Propionitrile 107-12-0 ND 7.40E+00 ND 2.25E+00

Pro lene gylcol monomethyl ether 107-98-2 ND ND ND 3.68E+00

-tert-B ltoluene 98-51-1 ND ND ND ND

Triethylamine 121-44-8 ND ND ND 4.I4E+00

Trimethy lamine 75-50-3 ND ND I.OOE-0l 2.42E+00

Vin lacetate 108-05-4 ND ND 5.00E+00 3.52E+00
Non-aromatic Halogenated Hydrocarbons

1,1,1 2-Tetrachloro-2,2-difluoroethane 76-11-9 ND ND ND ND

1,1,1,2-Tetrachloroethane 630-20-6 ND. ND ND 6.8613+00
1,1,1-Trichloroethane 71-55-6 ND ND 3.50E+02 5.45E+00

1,1,2,2-Tetrachloro-l,2-difluoroethane 76-12-0 ND ND ND ^ ND

1,1,2,2-Tetrachloroethane 79-34-5 ND ND ND 6.86E+00
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Table 7-12 Acute Inhalation Exposure Criteria for COPCs in Original Units of Parts per Million (ppm)

Chemical
of

Potential Concern

CAS
Registry

Number AEGL-1' AEGL-2' ERPG-1°

Conversion

Factor `

1,1,2,2-Tetrachloroethene 127-18-4 ND ND 1.00E+02 6.78E+00
1,1,2-Trichlorcethane 79-00-5 ND ND ND 5.45E+00
1,1,2-Trichloraeth lene 79-01-6 ND ND 1.00E+02 5.37E+00
1,1-Dichloroethane 75-34-3 ND ND ND 4.04E+00
1,1-Dichloroethene 75-35-4 ND ND ND 3.96E+00
1,2,2-Trichloro-1 ] 2-trifluoroethane 76-13-1 ND ND ND 7.66E+00
1,2,3-Trichloro ro ane 96-I8-4 ND ND ND 6.03E+00
1 2-Dibromo-3-chloro ro e 96-12-8 ND ND ND 9.66E+00
1,2-Dichloro-11,2,2-tetrafluoroethane 76-14-2 ND ND ND 699F.+00
1,2-Dichloroethane 107-06-2 ND ND 5.00E+01 4.04E+00

I 2-Dichlorceth lene d 540-59-0 1.30E+01 4.00E+01 ND 3.96E+00

1,2-Dichloro propane 78-87-5 ND ND ND 4.62E+00

1 3-Dichlororo ne 542-75-6 ND ND ND 4.54E+00
1,4-Dichloro-2-butene 764-41-0 ND ND ND 5.IIE+00
1-Chloroethene 75-01-4 ND ND ND 2.55E+00

2 2-Dichlororo ionic acid 75-99-0 ND ND ND ND
2-Chloro ro ane 75-29-6 ND ND ND 3.21E+00
3-Chloro ro ene All ] chloride ) 107-05-1 ND ND 3.00E+00 3.13E+00
Bromochloromethane 74-97-5 ND ND ND 5.29E+00
Bromodichloromethane 75-27-4 ND ND ND 6.70E+00
Bromoethene 593-60-2 ND ND ND 4.37E+00

Bromoform 75-25-2 ND ND ND 1.03E+01
Bromomethane 74-83-9 ND ND ND 3.88E+00
Carbon tetrachloride 56-23-5 1.20E+01 6.80E+01 100E+01 6.29E+00
Chlorodibromomethane 124-48-1 ND ND ND 8.51E+00
Chlorodifluoromethane 75-45-6 ND ND ND 3.53E+00
Chloroethane 75-00-3 ND ND ND 2.64E+00
Chloroform 67-66-3 ND 8.80E+01 ND 4.88E+00
Chloromethane 74-87-3 ND ND ND 2.06E+00

Chlorontafluoroethane 76-15-3 ND ND ND 6.31E+00
cis-1,2-Dichloroethene 156-59-2 ND ND ND 3.96E+00
cis-13-Dichlorone 10061-01-5 ND ND ND 4.54E+00

ano enbromide 506-68-3 ND ND ND 4.33E+00

Cyanogen chloride 506-77-4 ND ND ND 2.51E+00
Dichlorodifluoromethane 75-71-8 ND ND ND 4.94E+00

Dichlorofluoromethane 75-43-4 ND ND ND 4.21E+00
Dichloromethane 75-09-2 ND ND 2.00E+02 3.47E+00

Difluorodibromomethane 75-61-6 ND ND ND ND
Hexafluoroacetone 684-16-2 ND ND ND 6.79E+00

Iodomethane 74-88-0 ND ND 2.50E+4l 5.80E+00
Meth lenebromide 74-95-3 ND ND ND 7.1IE+00

Pentachloroe0tane 76-01-7 ND ND ND 8.27E+00

trans-l,2-Dichloroeth lene 156-60-5 ND ND ND 3.96E+00

trans-l,3-Dichloro ro ne 10061-02-6 ND ND ND 4.54E+00

Trichloroacetic acid 76-03-9 ND ND ND 6.68E+00

Trichlorofluoroethane 27154-33-2 ND ND ND ND
Trichlorofluoromethane 75-69-4 ND ND ND 5.61E+00
Trifluorobromomethane 75-63-8 ND ND ND 6.09E+00

Dioxin and Furan Com ounds (PCDDs/PCDFs
I 2,3 4 6,7,8-H chlorodibenzo dioxin 35822-46-9 ND ND ND ND
1,2,3,4,6,7 8-H tachlorodibenzofuran 67562-39-4 ND ND ND 1.67E+O1

1,2 3,4,7,8,9-He tachlorodibenzofuran 55673-89-7 ND ND ND 1.67E+-01
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Table 7-12 Acute Inhalation Exposure Criteria for COPCs in Original Units of Parts per Million (ppm)

Chemical
of

Potential Concern

CAS
Regstry

Number AECL-1' AEGL-21 ERPG-1°.

Conversion

Factor'

1,2,3,4,7,8-Hexachlorodibenzo dioxin 39227-28-6 ND ND ND

i

1.60E+0I

t

1,2,3,4,7,8-Hexaohlorodibenzofuran 70648-26-9 ND ND ND L53E+01 ^
1,2,3,6,7,8-Hexachlorodibenzo dioxin 57653-85-7 ND ND ND L60E+01
1,2,3,6,7,8-Hexachlorodibenzofitran 57117-44-9 ND ND ND ^1.55Ei01
1,2,3 7 8 9-Hexachlorodibenzo dioxin 19408-74-3 ND ND ND 1.60E+01

1,2,3,7,8,9-Hexach1orodibenzofumn 72918-21-9 ND ND ND 1.53E+01
1,2,3,7,8-Pentachlorodibenz dioxin 40321-76-4 ND ND ND 1.46E+01
1,2,3,7,8-Pertachlorodibenzofuran 57117-41-6 ND ND ND 139E+01
2,3,4,6,7,8-Hexachlorodibenzofivan 60851-34-5 ND ND ND 1.53E+01
2,3,4,7,8-Pentachlorodibenzofuran 57117-31-4 ND ND ND 139E+01

2,3 7 8-Tetrachlorodi dioxin 1746-01-6 ND ND ND 1.32E+01
2,3,7,8-Tetmchlorodibenzofuran 51207-31-9 ND ND ND 1.25E+01

Dibenzofuran 132-64-9 ND ND ND 6.87E+00

Octachlorodi dioxin 3268-87-9 ND ND ND 1.88E+01

Octachlorodibenzofaran 39001-02-0 ND ND ND 1.51E+01
Pol chlorinated Bi hen ls (PCBs)

2,2',3,3',4,4',5-He tachlorobi hen I 35065-30-6 ND ND ND ND
2,2',3,4,4',5,5'-He tachlorobi hen I 35065-29-3 ND ND ND ND
2,3,3',4,4',5,5'-H tachlorobi hen l 39635-31-9 ND ND ND ND
2,3,3',4,4',5'-Hexachlmobi hen l 69782-90-7 ND ND ND ND
2,3,3' 4 4• 5-Hexachlorobi hen 1 38380-08-4 ND ND ND ND
2,3,3',4,4'-Pentachlorobi hen l 32598-144 ND ND ND ND
2,3',44',5,5'-Hexachlorobi hen l 52663-72-6 ND ND ND ND

2,3,4 4',5-Pentachlorobi hen l 74472-37-0 ND ND ND ND
2',3,4,4',5-Pentachlorobi hen 1 65510-44-3 ND ND ND ND
2,3',4,4',5-Pentachlorobi hen I 31508-00-6 ND ND ND ND
3,3',4,4',5,5'-Hexachlorobi hen 1 32774-16-6 ND ND ND ND

3,3',4,4',5-Pentachlorobi hen 1 57465-28-8 ND ND ND ND

3,3',4,4'-Tetrachlorobi hen 1 32598-13-3 ND ND ND ND

3,4,4',5-Tetrachlorobi hen l 70362-50-4 ND ND ND ND

Polychlorinated bi hen Is CBs 1336-36-3 ND ND ND ND
Phthalates

Bis 2-eth lhex 1 hthalate DEHP 117-81-7 ND ND ND 1.60E+01

Bu lben 1 phthalate 85-68-7 ND ND ND I.28E+01
Dibuty l phthalate 84-74-2 ND ND ND 1.14E+01

Diethyl phtbalate 84-66-2 ND ND ND 9.08E+00

Dimeth t hthalate 131-11-3 ND ND ND 7.94E+00

n-Di ] phthalate 117-84-0 ND ND ND 1.60E+01

Light Po c clic Aromatic H drocarbons (molecular wei ht <200 /mole

2-Chloronapthalene 91-58-7 ND ND ND 6.65E+00

2-Meth hthalene 91-57-6 ND ND ND 5.81E+00

5-Nitroacenaphthene 602-87-9 ND ND ND ND
Acena hthene 83-32-9 ND ND ND 6.30E+40

Acen• htir lene 208-96-8 ND ND ND 6.22E+00

Anthracene 120-12-7 ND ND ND 7.28E+00

Pluorene 86-73-7 ND ND ND 6.79E+00

Indene 95-13-6 ND ND ND 4.75E+00

Na hthalene 91-20-3 ND ND ND 5.24E+00

Phenanthrene 85-01-8 ND ND ND 7.28E+90

17 e 129-00-0 ND ND ND 8.27E+00
Hea Pul c clicAromaticH drocarbons molecularwei ht>200 mole

3-Meth lcholanthrene 56-49-5 ND ND ND L10E+01
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Table 7-12 Acute Inhalation Exposure Criteria for COPCs in Original Units of Parts per Million (ppm)

Chemical
of

Potential Concern

CAS
Registry

Number AEGL-1' AEGL-2' ERPG-1 b
Conversion

Factor`

5-Meth ] ene 3697-24-3 ND ND ND ND
Benz a anthracene 56-55-3 ND ND ND 9.33E+00
Benz a e 50-32-8 ND ND ND I.03E+01
B a,i ne 191-30-0 ND ND ND ND
B fluoranthene 205-99-2 ND ND ND 1.03E+01
Benz e e 192-97-2 ND ND ND ND
B h i lene 191-24-2 ND ND ND 1.13E+01
Benz ' fluoranthene 205-82-3 ND ND ND ND
Benz fluoranthene 207-08-9 ND ND ND 1,03E+01
Chrysene 218-01-9 ND ND ND 9.33E+00
Di h acridine 226-36-8 ND ND ND ND
Dibenz a;h anthracene 53-70-3 ND ND ND L 14E+01
Dibenz ' acridine 224-42-0 ND ND ND ND
Dibenz a,e fluoranthene 5385-75-1 ND ND ND ND
Dibenzo a,e ene 192-65-4 ND ND ND 1.24E+01
Dibenzo h tiuoranthenc No CAS # ND ND ND ND
Dibenzo a,h ne 189-64-0 ND ND ND ND
Dibenzo a,i ene 189-55-9 ND ND ND ND
Fluoranthene 206-44-0 ND ND ND 8.27E+00
Hexachloro hthalene 1335-87-1 ND ND ND 1.37E+91
lndeno 1,2,3-cd e 193-39-5 ND ND ND 1.13E+01
Octachloron hthalene 2234-13-1 ND ND ND 1.65E+01
Pentachloron hthalene 1321-64-8 ND ND ND ND
Tetrachlorona hthalene 1335-88-2 ND ND ND ND
Trichlorona hthalene 1321-65-9 ND ND ND ND

Lig ht Substituted Benzene Com ounds (molec ular wei ght Q00 mole
1 ,2,3-Trichlorobenzene 87-61-6 ND ND ND 7.42E+00
1 ,2,4-Trichlorobenzene 120-82-1 ND ND ND 7.42E+00
1,2,4-Trimethyl benzene 95-63-6 ND ND ND 4.91E+00
12-Dichlorobenzene 95-50-i ND ND ND 6.01E+00
1,3,5-Trimeth l benzene 108-67-8 ND ND ND 4.91E+00
1,3-Dichlorobenzene 541-73-1 ND ND ND 6.01E+00
1,3-Dinitrobenzene 99-65-0 ND ND ND 6.87E+00
1,4-Dichlorobenzenee 106-46-7 ND ND ND 6.01E+00
] 4-Dinitrobenzene 100-254 ND ND ND 6.87E+00
2,4,5-Trichloro henol 95-95-0 ND ND ND 8.07E+00
2,4,6-Trichloro henol 88-06-2 ND ND ND 8.07E+00
2,4-Dichloro henol 120-83-2 ND, ND ND 6.66E+40
2,4-Dimeth 1 henol 105-67-9 ND ND ND 4.99E+00
2,4-Dinitrohenol 51-28-5 ND ND ND 7.53E+00
2,4-Dinitrotoluene 121-14-2 ND ND ND 7.44E+00
2,6-Dinitrotoluene 606-20-2 ND ND ND 7.44E+00
2-Chlorophenol 95-57-8 ND ND ND 5.25E+00
2-Chlorotoluene 95-49-8 ND ND ND 5.17E+00
2-Nitrophenol 88-75-5 ND ND ND 5.69E+00
4,6-Dinitroo-cresol 534-52-1 ND ND ND 8.10E+00
4-Chiorotoluene 106-43-4 ND ND ND 5.17E+00
4-Nitrohenol 100-02-7 ND ND ND 5.69E+00
al ha-Meth ls e 98-83-9 ND ND ND ND

Aniline° 62-53-3 8.00E+00 1.20E+01 ND 3.81E+00
Benzotrichloride 98-07-7 ND ND ND 7.99E+00
Benzy l chloride 100-44-7 ND ND 1.00E+00 5.17E+00
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Table 7-12 Acute Inhalation Exposure Criteria for COPCs in Original Units of Parts per MiOion (ppm)

Chemical
of

PotentialConcern

CAS
Registry

Number AEGL-1° AEGL-2' ERPG-1°

Conversion

Factor`

Bromobenzene 108-86-1 ND ND ND 6.42E+00

Chlorobenzene 108-90-7 ND ND ND 4.60E+00
Curnene 98-82-8 ND ND ND 4.91E+00

m-Cresol 108-39-4 ND ND ND 4.42E+00

n-Buty l benzene 104-51-8 ND ND ND 5.49E+00

Nitrobenzene 98-95-3 ND ND ND 5.03E+00
n-Propy l benzene 103-65-1 ND ND ND 4.91E+00

o-Cresol 95-48-7 ND ND ND 4.42E+00

o-Dinitrobenaene 528-29-0 ND ND ND 6.87E+00

o-Nitroaniline 88-74-4 ND ND ND 5.65E+00

o-Toluidine 95-53-4 ND ND ND 4.38E+00

Chloroaniline 106-47-8 ND ND ND 5.21E+00

Cresol 10644-5 ND ND ND 4.42E+00

Phenol 108-95-2 ND ND 1.00E+01 3.85E+00

Nitroehlorobenzene 100-00-5 ND ND ND 6.44E+00
p-Toluidine 106-49-0 ND ND ND 4.38E+00
seo-Bu lbenzene 135-98-8 ND ND ND 5.49E+00

tert-Buty l benzene 98-06-6 ND ND ND 5A9E+00

Toluene-2,6-diamine 823-40-5 ND ND ND 4.99E+00

Trimeth Ibenzene 25551-13-7 ND ND ND ND

Other LihtSemivolatileCom ounds molecu larwei htQ00 mole

1,1'-Bi hen l 92-52-4 ND ND ND 6.30E+00

1,1-Dimeth Ih drazine ° 57-14-7 ND 3.00E+00 ND 2.46E+00

I 2-Dimeth lh drazine ° 540-73-8 ND 3.00E+00 ND 2.46E+00

1,2-Di hen lh drazine 122-66-7 ND ND ND 7.53E+00

1,3-Pro ane sultone 1120-71-4 ND ND ND 4.99E+00

2,4-Toluenediiso ante 584-84-9 2.OOE-02 1.20E-01 1.00E-02 7.12E+00

2-Chloroacetophenone 532-27-4 ND ND ND ND

2-Proenoic acid 79-10-7 ND ND 2.00E+00 2.95E+00

4,4'-Meth lenedianilinee 101-77-9 ND ND ND 8.10E+00

Acetophenone 98-86-2 ND ND ND 4.91E+00
Benzoic acid 65-85-0 ND ND ND 4.99E+00

Bi 2-chlorcethox methane 111-91-1 ND ND ND 7.07E+00

Bis 2-chloroeth 1 ether 111-44-4 ND ND ND 5.85E+00
Chlo clo tadiene 41851-50-7 ND ND ND ND

Cyclohexanol 108-93-0 ND ND ND 4.09E+00

Dichloroiso ro l ether 108-60-1 ND ND ND 6.99E+00

Dichlorometh l ether 542-88-1 ND ND ND 4.70E+00

Dichloropentadiene 61626-71-9 ND ND ND ND

Dimeth lsulfate 77-78-1 ND ND ND 5.16E+00

Dimethylaniline 121-69-7 ND ND ND 4.95E+00

di-n-Proluitrosamine 621-64-7 ND ND ND 5.32E+00

Di hen l ether 101-84-8 ND ND ND ND

E ichloroh drin 106-89-8 5.OOE+00 .2.40E+01 2.00E+00 3.78E+00

Ethyl carbamate (Urethane) 51-79-6 ND ND ND 3.64E+00

Eth i methanesulfonate 62-50-0 ND ND ND 5.07E+00

Ethylene dibronvde 106-93-4 ND ND ND 7.68E+00

Ethylene glycol 107-21-1 ND ND ND 254E+00

Ethylene g lycol monobutyl ether 111-76-2 ND ND ND 4.83E+00

Ethylene g lycol monoethyl ether acetate 111-15-9 ND ND ND 5.40E+00

Ethylene thiourea 96-45-7 ND ND ND 4.18E+00

Furfural 98-01-1 ND. ND 2.00E+00 3.93E+00
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Table 7-12 Acute Inhalation Exposure Criteria for COPCs in Original Units of Parts per Million (ppm)

Chemical
of _

Potential Concern

CAS
Registry

Number AEGL-Y AEGL-2' E12PG-1"

Conversion

Factor'

Maleic hydrazide 123-33-1 ND ND ND 4.58E+00
Malononitrile 109-77-3 ND ND ND 2.70E+00
Meth 1 styrene mixedisomers 25013-15-4 ND ND ND ND

Meth ]h drazine tl 60-34-4 ND 1.00E+00 ND 1.88E+00
N,N-Di hen lamine 122-394 ND ND ND 6.92E+00
Nitric acid, ro1 ester 627-13-4 ND ND ND 4.30E+00

N-Nitrosodi-n-butylamine 924-16-3 ND ND ND ND
N-Nitrosomo hotine 59-89-2 ND ND ND 4.75E+00
N-Nitroso-N,N-dimethylamine 62-75-9 ND ND ND 3.03E+00
o-Anisidine 90-04-0 ND ND ND 5.03E+00
Oxalic acid 144-62-7 ND ND ND 3.68E+00
Phthalic anhydride 85-44-9 ND ND ND 6.05E+00

Phthalic acid 100-21-0 ND ND ND ND
Pyridine 110-86-1 ND ND ND 3.23E+00

Quinoline 91-22-5 ND ND ND 5.28E+00
Quinone 106-51-4 ND ND ND 4.42E+00
Safrolc 94-59-7 ND ND ND 6.63E+00
Tetrah drofuran 109-99-9 ND ND ND 2.95E+00

Other HeaSemivolatileCom ounds ( molecular weht>200 mole
1 2 4,5-Tetrachlorobenzene 95-94-3 ND ND ND 8.82E+00
13,5-Trinitrobenzene 99-35-4 ND ND ND 8.71E+00
2,6-Bis tert-bu 1-4-meth 1 henoi 128-37-0 ND ND ND 9.01E+00
2 clohe I-4,6-dinitro henol 131-89-5 ND ND ND ND
2-sec-Bu ]-4,6-dinitrohenol 88-85-7 ND ND ND 9.82E+00
3,3'-Dichlorobenzidine 91-94-1 ND ND ND 1.03E+01
3,3'-Dimethox benzidine 119-90-4 ND ND ND 9.99E+00
4-Bromo hen I hen lether 101-55-3 ND ND ND 1.02E+01
Ammonium peffluorooctanoate 3825-26-1 ND ND ND ND
Azabenzene 103-33-3 ND ND ND ND
Bis 3-ter[-bu ]-4-h drox -6-meth 1- hen 1 sulfida 96-69-5 ND ND ND 1.47E+01

Captan 133-06-2 ND ND ND 1.23E+01
Chlorobenzilate 510-15-6 ND ND ND 1.33E+0I
Dibu 1 hos hate 107-66-4 ND ND ND 8.59E+00

Dimethyl aminoazobenzene 60-11-7 ND ND ND 9.21E+00
Hexachlorobenzene 118-74-1 ND ND ND 1.16E+01
Hexachlorobutadiene 87-68-3 ND ND 3.00E+00 1.07E+01
Hexachloro clo tadiene 77-47-4 ND ND ND 1.11E+0I
Hexachloroethane 67-72-1 N'D ND ND 9.68E+00
Hexachloro hene 70-30-4 ND ND ND 1.66E+91

Hexam lene-1,5-diisoc anate 822-06-0 ND ND ND 6.88E+00
Mirex 2385-85-5 ND ND ND 2.23E+01
Nitrofen 1836-75-5 ND ND ND ND
Pentachlorobenzene 608-93-5 ND ND ND 1.02E+01
Pentachloronitrobenzene 82-68-8 ND ND ND 3.21E+01

Pentach[oro henol 87-86-5 ND ND ND 1.09E+0I

Picric acid 88-89-1 ND ND ND 9.36E+00
Pronamide 23950-58-5 ND ND ND ND

Strychnine 57-24-9 ND ND ND 1.37E+01
Te hen ls 26140-60-3 ND ND ND 9.41E+00
Tributy l phosphate 126-73-8 ND ND ND 1.09E+01

Trifluralin 1582-09-8 ND ND ND 1.37E+01
Tri henYlamine 603-34-9 ND ND ND ND
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Table 7-12 Acute Inhalation Exposure Criteria for COPCs in Original Units of Parts per Millon (ppm)

Chemical
of

Potential Concern

CAS
Registry

Number AEGL-1' AEGL-2' ERPG-1°

Conversion

Factor`

Herbicides and O anochlorinated Pesticides

2,4,5-T 93-76-5 ND ND ND 1.04E+01

2,4-D and esters 94-75-7 ND ND ND 9.03E+00

4,4'-DDD 72-54-8 ND ND ND 1.31E+01

4,4'-DDE 72-55-9 ND ND ND 1.30E+01

4,4'-DDT 50-29-3 ND ND ND 1.45E+01

Aldrin 309-00-2 ND ND ND 1.49E+01

alpha-BHC 319-84-6 ND ND ND 1.19E+01

beta-BHC 319-85-7 ND ND ND 1.1913+01

Chlordane 57-74-9 ND ND ND 1.67E+0I
delta-BHC 319-86-8 ND ND ND ND

Dieldrin 60-57-1 ND ND ND I.56E+01
Endothall 145-73-3 ND ND ND ND

Endrin 72-20-8 ND ND ND 1.56E+01

garnina-BHC (Lindane) 58-89-9 ND ND ND 1.19E+01

Heptachlor 76-44-8 ND ND ND 1.53E+01

Isodrin 465-73-6 ND ND ND 1.49E+01

Methox chlor 72-43-5 ND ND ND 1.41E+01

Silvex 2,4,5-TP 93-72-1 ND ND ND 1.10E+01

Toxaphene 8001-35-2 ND ND ND 1.69E+01

Inorganic ChemicaLs and Compounds

Metals

Aluminum 7429-90-5 ND ND ND 1.10E+00

Antimony 7440-36-0 ND ND ND 4.98E+00

Arsenic 7440-38-2 ND ND ND 3.06E+00
Barium 7440-39-3 ND ND ND 5.61E+00

B llium 7440-41-7 ND ND ND 3.68E-01

Bismuth 7440-69-9 ND ND ND 8.54E+00

Boron 7440-42-8 ND ND ND 4.42E-01

Cadmium 7440-43-9 ND ND ND 4.59E+00

Calcium 7440-70-2 ND ND ND Ib4E+00
Chromium 18540-29-9 ND ND ND 2.13E+00

Cobalt 7440-48-4 ND ND ND 2.41E+00

Copper 7440-50-8 ND ND ND 2.60E+00
iron 7439-89-6 ND ND ND 218E+00

Lead 7439-92-1 ND ND ND 8.47E+00
Lithium 7439-93-2 ND ND ND 2.84B-01

Magnesium 7439-95-4 ND ND ND 9.94E-01

Manganese 7439-96-5 ND ND ND 2.25E+00

Mercury 7439-97-6 ND ND ND 8.20E+00

Mol bdenum 7439-98-7 ND ND ND 192E+00

Nickel 7440-02-0 ND ND ND 2.40E+00

Potassium 7440-09-7 ND ND ND 1.60E+00

Rhodium 7440-16-6 ND ND ND 4.21E+00

Selenium 7782-49-2 ND ND ND 3.23E+00

Silicon 7440-21-3 ND ND ND 1.15E+00

Silver 7440-22-4 ND ND ND 4.41E+00

Sodium 7440-23-5 ND ND ND 9.40E-0 I

Strontium 7440-24-6 ND ND ND 3.58E+00

Tantalum 7440-25-7 ND ND ND ND

Thallium 7440-28-0 ND ND ND 8.35E+00

Tin 7440-31-5 ND ND ND 4.85E+00
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Table 7-12 Acute Inhalation Exposurr. Criteria for COPCs in Original Units of Parts per Million (ppm)

Chemical
of

Potential Concern

CAS
Registry .

Number AEGL.P AEGL-2' ERPGd"
Conversion

Factor`

Tungsten 7440-33-7 ND ND ND 7.51E+00
Uranimn 7440-61-1 ND ND ND 9.73E+00
Vanadium 7440-62-2 ND ND ND 2.08E+00
Yttrium 7440-65-5 ND ND ND 3.63E+00
Zinc 7440-66-6 ND ND ND 2.67E+00
Zirconium 7440-67-7 ND ND ND 3.73E+00

Non-metals and Anions
Ammonia/Ammonium 7664-41-7 2.SOE+01 1.10E+02 2.SOE+O] 6.96E-O1
Bromide 24959-67-9 ND ND ND ND
Chloride 16887-00-6 ND ND ND ND
Cyanide 57-12-5 ND ND ND 1.06E+00
Fluoride 1698448-8 ND ND ND 7.76E-01
Hydroxide 14280-30-9 ND ND ND ND
Iodine 7553-56-2 ND ND 1.00E-01 1.04E+01
Nitrate 14797-55-8 ND ND ND ND
Nitrile 14797-65-0 ND ND ND ND
Phosphate 14265-44-2 ND ND ND ND
Phos homs 7723-140 ND ND ND 1.27E+00
Sulfate 14808-79-8 ND ND ND ND
Total sulfur 63705-05-5 ND ND ND 1.31E+00

Criteria Polluta nts
Carbon monoxide 630-08-0 ND ND 2.00E+02 1.14E+00
Nitroen dioxide 10102-04-0 5.00E-01 1.20E+01 ND 1.88E+00
Ozone 10028-15-6 ND ND ND 1.96E+00
Par[iculate matter No CAS # ND ND ND ND
Sulfur dioxide 7446-09-5 ND ND 3.O0E-01 2.62E+00

ND = No Data available.

' Acute exposure guideline level (AEGL-1 and AEGL.2) values (1-hour averaging time) from EPA Region X or from EPA Federal Register,

October 30, 1997 (Volume 62, Number 210).

Emergency Response Planning Guidelines (ERPG-1) from http//www.scapa.bN.gov/scapawl.hbn (current as of July 2,2002).

`Conversion Factor, for converting from ppm to nig/ms, as presented for TEEL-1 values (Rev. 19) from http://Gs.eh.doe.gov/web/chem_safety/teel.html.

Conversions from ppm to mghn' are performed as follows:

Value in mg/m; = Value in ppm x Conversion Factor.

a Convcrsion Factor not used to convert from ppm to mg/ms for this COPC; values shown in this table for AEGL-1 and AEG42 arc in ppm and

we from EPA Federal Register, October 30,1997 (Volume 62, Number 210); comparable values for this COPC in mg/m3 (shown on Table 7-l i)

are also shown in the EPA Federal Register for this COFC. Conversion factor shown is from the TEEL web site (see footnote c).

Page 7-110



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

Table 7-13 Toxicity Equivalency Factors (TEFs) Used in Human Health Risk Assessment

Chemicaa of Potential Concern
CAS Registry
Number

2,3,7,8-TCDD

E uivalen Factors'

Benzo[a[pyrene

uivalen Factorsb

Dioxin and Furan Compounds CDDs/PCDFs

1,2,3,4,6,7,8-H tachlorodi dioxin 35822-46-9 0.01 NA

1,2,3,46,7,8-H chlorodibenzofuran 67562-39-4 0.01 NA

1,2,3,4,7,8,9-H chlorodibenzofuran 55673-89-7 0.01 NA

1,2,3 4 7 8-Hexachlorodibenz ioxin` 39227-28-6 0.1 NA

1,2,3 4,7,8-Hexachlorodibenzoftuan 70648-26-9 0.1 NA

1,2,3,6,7,8-Hexachlorodibenz ioxin` 57653-85-7 0.1 NA

1 2 3 6,7 8-Hexachlorodibenzofiaan 57117-44-9 0.1 NA

123,7,8,9-Hexachlorodibenz ioxin° 19408-74-3 0.1 NA

1 2,3,7,8,9-Hexachlorodibenzofiaan 72918-21-9 0.1 NA

1 2 3 7,8-Pentachlorodibenz dioxin 40321-76-4 1.0 NA
1,2 3 7,8-Pentachlorodibenzofuran 57117-41-6 0.05 NA

3 4,6,7,8-Hexachlorodibenzofuran 60851-34-5 0.1 NA

2,3,4 7 8-Pentachlorodibenzofuran 57117-31-4 0.5 NA

2,3 7,8-Tetrachlorodibenzo dioxin 1746-01-6 1.0 NA

2,3,7,8-Tetrachlorodibenzofurart 51207-31-9 0.1 NA

Octachlorodibenz dioxin 3268-87-9 0.0001 NA

Ootachlorodibenzofuran 39001-02-0 0.0001 NA
Pol chtorinated Bi hen Is (PCBs)

2,2',3,3',4,4',5-He tachlorobi hen 1 35065-30-6 W NA

2,2',3,4,4',5,5'-H tachlorobi hert l 35065-29-3 W NA

2,3,3',4,4',5,5'-H aohlorobi hen I 39635-31-9 0.0001 NA

2,3,3',4,4',5'-Hexachlorobi he 1 69782-90-7 0.0005 NA

2,3 3',4,4',5-Hexachlorobi hen I 38380-08-4 0.0005 NA
2,3,3',4,4'-Pentachlorobi hen l 32598-14-4 0.0001 NA

2,3',4,4',5,5'-Hexachlorobi hen 1 52663-72-6 0.00001 NA

2,3,4,4',5-Pentachlorobi hen 1 74472-37-0 0.0005 NA

2',3,4 4' 5-Pentaohlorobi hen 1 65510.44-3 0.0001 NA

2,3',4,4',5-Pentachlorobi hen l 31508-00-6 0.0001 NA

3,3',4,4',5 5'-Hexachlorobi hen 1 32774-16-6 0.01 NA

3,3',4,4',5-Pentachlorobi hen l 57465-28-8 0.1 NA

3,3',4 4'-Tetrachlorobi h 1 32598-13-3 0.0001 NA

3 4 4' 5-Tetrachlorob i hen 1 70362-50-4 0.0001 NA

Heavy Po c clic Aromatic Hydrocarbons (molecular wei t>200

Benzo a antluacene 56-55-3 NA 0.1

Benzo a e 50-32-8 NA 1.0

Benzo fluoranthene 205-99-2 NA 0.1

Benzo fluoranthene 207-08-9 NA 0.01

C e 218-01-9 NA 0.001

Dibenz h anthracene 53-70-3 NA 1.0

Indeno 1,2,3-cd e 193-39-5 NA 0.1

NA = Not Applicable. -=NoValue.

W = Value Withdrawn.

Exposure concentrations are converted to equivalent concentrations of 2,3,7,8-Tetrachlorodibenzo(p)dioxin (2,3,7,8-TCDD) by multiplying

the concentration by the toxicity equivalency factor (TEF). TEFs are from WHO 1997, Meeting on the Derivation ofTOxic Equivalency

Factors (FEFs) for PCBs, PCDDs, PCDFs, and Other Dioxin-like Compormdvfor Hvman Health and Wildlife.

Exposure concentrations are converted to equivalent concentrations of benzo[a)pyrene by multiplying the concentration

bytheTEF. Valuestakenfrom: EPA 1993a. ProvisianalGuidanceforrQuantttative Risk AssersmentofPolycyclicAromak'c

Hydrocarbons, EPA-600-R-93-089.

`IRI$ reports a slope factor for Hexachlorodibenao(p)dioxin mixtures; however, this value is not used in the quantitative risk

assessment. Instead, these congeners are included in the evaluation ofTCDD equivalent concentration. ,. .
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Radionuclide of

Potential Concern

-

CASH

^ ICRP

Lung

Class'

Water

Ingestion b

(risWpCi)

Food

Ingestion s

(risWpCi)

Soil

Ingestion o
(risWpCl)

Inhalation e

(risWpCI)

E:ternal

Radiation

to soii s

(risklyear per

pCl/gsoil)

External

Radiation for

Air Submersion

(mt/Bq-sec)

. .

Isotopes used to Calculate

SlopeFactor^

Actinium-227+D` 14952-40-0 S 4.86E-10 6.53E-10 1.16E-09 2.09E-07 3.35E-07 1.34E-15

Ac-227, Th-227 (98.62%), Ft-223 (1.38%), Ra-223,
Rn-219, Po-215, Pb-21 1, Bi-21 1, TI-207 (99.73°/n),
Po-211 0.270/.

Americium-241 14596-10-2 M 1.04E-10 1.34E-10 2.17E-10 2.81E-08 1.36E-08 5.00E-17 Am-241
Americium-243+D' 14993-75-0 M 1.08E-10 1.42E-10 2.32E-10 2.70E-08 1.75E-07 6.83E-16 Am-243,N 239
Antimon -125+D° 14234-35-6 M 5.13E-12 7.21E-12 1.32E-11 1.93E-11 3.71E-07 1.50E-15 Sb-125,Te_125m 22.8%
Cadmium-113mr 14336-66-4 F 2.87E-11 3.64E-11 5.11E-11 1.308-10 1.54E-10 1.29E-18 Cd-113m
Carbon-149 14762-75-5 M 1.5511-12 2.00E-12 2.79E-12 7.07E-12 4.68E-12 3.66E-20 C-14
Carbon-145
Cesium-134

14762-75-5
13967-70-9

G
F

NA
4.22E-11

NA
5.14E-11

NA
5.81E-11

1.99E-14
1.65E-t1

NA
(.37E-06

3.66E-20
5.68E-15

044
Cs-134

Cesium-137+D` 10045-97-3 F 3.04E-11 3.74E-11 4.33E-11 1.19E-11 4.97E-07 2.04E-15 Cs-137,Ba-137m 94.6%
Barium-137m f 13981-97-0 NA Included in slope factor for Cesium-137+D

Cobalt-60 10198-40-0 M L57E-11 2.23E-11 4.03E-1i 3.58E-11 2.17E-06 9.63E-15 Co-60
Curium-242
Curium-243

15510-73-3
15757-87-6

M
M

3.85E-11
9.47E-11

5.48E-I1
1.2313,10

1A5E-10
2.0513-10

1.51E-08
2.698-08

6.41E-11
1.05E-07

2.59E-19
4.16E-.16

Cm-242
Cm-243

Curiurn-244
Euro ium-152

13981-15-2
14683-23-9

M
M

8.36E-11
6.07E-12

1.08E-10
8.70E-12

1.81E-10
1.62E-11

2.53E-08
9.10Ed1

4.71E-11
9.94E-07

2.15E-19
4.25E-15

Cm-244
Eu-152

Euro ium-154 15585-10-1 M 1.03E-11 1.49E-11 2.858-11 1.15E-10 1.0811-06 4.63E-15 Eu-154
Euro ium-155 14391-16-3 M 1.90E-12 2.77E-12 5.40E-12 1.48E-11 4.2911-08 1.64E-16 Eu-155
Iodine-129n 15046-84-1 F 1.48E-10 3.22E-10 2.71E-10 6.07E-11 5.24E-09 1.85E-17 1-129
Iodine-129h 15046-84-1 V NA NA NA 1.60E-10 NA NA 1-129
N tunium-237+D ° 13994-20-2 M 6.74E-11 9.1013-11 1.62E-10 1.778-08 1.87E-07 7.43E-16 Np-237, Pa-233
Nickel-59' 14336-70-0 M 2:748-13 3.89E-13 7.33E-13 4.66E-13 0.00E+00 0.00E+00 Ni-59
Nickcl-59' 14336-70-0 V NA NA NA 2.41E-12 NA NA Ni-59
Nickel-63' 13981-37-8 M 6.70E-13 9.51E13 1.7913-12 1.64E-12 0.00E+00 0.00E+00 Ni-63
Nickel-63' 13981-37-8 V NA NA NA 5.77E-12 NA NA Ni-63

Niobium-93m 7440-03-1 M 8.03E-13 1.17E-12 2.31E-12 1.90E-12 3.84E-11 1.9213-19 Nb-93m
Plutonium-238 13981-16-3 M 1.31&10 ).69E-10 2.72E-10 3.36P08 5.65E-11 2.28E-19 Pu-238
Plutonium-239 15117-48-3 M 1.35E-10 1.74Pr10 2.76E-10 3.33E-08 7.10E-11 2.56E-19 Pu-239
Plutonimn-240
Plutonium-241

14119-33-6
14119-32-5

M
M

135E-10
1.76E-12

1.74E-10
2.28E-12

2.77E-10
3.29E-12

3.33E-08
3.34E-10

5.51E-11
1.25E-12

2.24E-19
4.89E-21

Pu-240
Pu-241

Page 7-112



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

Table 7-14 Toxicity Values for Human Health Risk Assessment: ROPCs

adionuclide of

Potential Concern AS #

ICRP
Lung

Class `

Water

Ingesdon °

(risWpCi)

Food

Ingesfion °

(risWpCi)

Soil

Ingestion °

(risWpCi)

nhalation"
(risWpCi)

External

Radiation

toSoils

(risWyear per

pCUg soil)

External

Radiation for

Air Submersion `

(m3/aq-sec)

sotopes used to Calculate

Slope Factor a

Plutonium-242 13982-10-0 M 1.28E-10 1.65E-10 2.63E-10 3.13E-08 4.77E-11 1.91E-19 Pu-242

Protactinium-231 14331-85-2 S 1.73E-10 2.26E-10 3.74E-10 4.5513-08 3.13E-08 1.24E-16 Pa-231

Radium•226+13 ` 13982-63-3 M 3.86E-10 5.15E-10 7.30E-10 1.16E-08 1-53E-06 6.74E-15

Ra-226, Rn-222, Po-218, Pb-214 (99.98%),
At-218 (0.02%), Bi-214 (99.99%),
Po-214 99.98%, TI-210 0.02%

Radium-228+D ` 15262-20-1 M 1.04E-09 1.43E-09 2.29E-09 5.23E-09 8.45E•07 3.61E-15 Ra-228, Ac-228

Ruthenium-106+D` 13967-48-1 M 4.22E-11 6.11E-11 1.19E-10 1.02E-10 1.90E-07 7.85E-16 Ru-106,Rh•106

Samarium-151 15715-94-3 M 5.55E-13 8.07E•13 1.59E-12 4.88E-12 3.57E-13 1.52E-21 Sm•151

Selenium•79 15758-45-9 F 7.29E-12 9.69E-12 1:60&!1 3.33E-12 6.37E-12 5.39E-20 Se-79

Strontium-90+D ` 10098-97-2 M 7.40Er11 9.53E-I1 1.44E-10 1.t3E-10 4.81E-09 2.IOE-17 5r-90, Y-90

Yttrium-90 10098-91-6 S Included in slope factor for Strontium-90+D

Technetium-99 14133-76-7 M 2.75E-12 4.00E-12 7.6613,12 1.41E-11 3:54E-11 3.72E-19 Tc-99

Thorium-229+D' 15594-54-4 S 5.28E•10 7.16E-10 1.2913-09 2.25E-07 2.68E-07 1.08E-15
Th-229, Ra-225, Ac-225, Fr-221, At-217, Bi-213,
Po-213 97.80/6,TI-209 2.2%,Pb-209

Thorium-232 7440•29•1 S 1,0113-10 1.33E-10 2.31E-10 4.33E-08 1.42E-10 5.35E-19 Th-232

Tin•126+D ` 15832-50-5 M 2.72E-11 3.9211-11 7.50E-11 1.01E-10 1.752-06 7.19E-15 Sn-126, Sb-126m, Sb-126 ( 14%)

Tritium' 10028-17-8 V 5.07E-14 6.51E-14 9.252-14 5.622-14 0.00E+00 0.00E+00 H-3

Tritium' 10028-17-8 M 1.12E•13 1.44E-13 2.20E-13 1.99E-13 NA NA 11•3

Uranium-232 14158-29-3 M 2.92E-10 3.85E-10 5.74E-10 1.952-08 2.33E-10 8.67E-19 U-232

Uranium-233 13968-55-3 M 7.18E•11 9.69E-11 1.60E-10 1.16E-08 2.842-10 1.09E-18 U-233
Uranium-234 13966-29-5 M 7.07E-11 9.55E•11 1.58E•10 1.14E-08 1.18E-10 4.37E-19 U-234

Uranium-235+D ` 15117-96-1 M 7.18E-11 9.761&1 1.63E-10 1.01Er08 1.37E-07 5.43E-16 U•235, Th-231
Uranium-236 13982-70-2 M 6.70E-11 9.03 E-I1 1.49E-10 1.05E-08 7.10E-11 2.67E-19 U-236

Uranium-238+D ` 7440-61-1 M 8.71E-11 1.21E-10 2.10E-10 9.352-09 2.19E-08 9.03E-17 U•238, Th-234, Pa-234m 99.87%, Pa-234 0.130%

Zirconium•93 15751-77-6 M 1.11E-12 1.44E-12 2.12E-12 7.29E-12 0.00E+00 0.00E+00 Zr-93

NA = not available.

'Lung absorption type recommended by the International Commission on Radiological Protection (ICRP): F= fast (particulate), M= medium (particulate),

S = slow (particulate), V = vapor, C= gas.

° Cancer slope factors are from Health Effects Assessment Summary Table (HEAST) (EPA 2001b), Slope factors for external exposure to soil have been adjusted for depth in soil

(assumed to be 1 cm) by multiplying the infinite source external exposure slope factor by the ratio of the effective dose coefficients at 1 cm and at infinite depth; see

Tables 111.4 and RI.7, respectively, in EPA Federal Guidance Report 12 (EPA 1993b).
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Table 7-14 Toxicity Values for Human Health Risk Assessment: ROPCs

Externat

Radiation External

ICRP Water Food Soil toSoil° Radiationfor

Radionuclide of Lung Ingestion b Ingestion s Ingestion ° Inhalation ° (riskfyear per Air Submersion ` Isotopes used to Calculate

Potential Concern CASk Class' (riskipCi) (risWpCi) (risWpCi) (risk/pCi) pCi/gsoil) (ms/Bq-sec) SlopeFactord

' External exposure slope factors for air submersion (for morbidity) are from Table 2.3 in EPA Federal Guidance Report 13 (EPA 1999g).

d Isotopes used to calculate the slope factors are listed. See footnute e for information regarding "+D" slope factors.

`+D slope factors from HEAST include contributions from short-lived daughter products (see far right column for the list of isotopes used to calculate the +D slope factors).

r in designates isotopes in a metastable state.

For th is isotope, the first row of values listed correspond to ICRP Lung Type of"M" (medium particulate) and the second row of values listed correspond to ICRP

Lung Type of"G" (gas).

s For radioisotopes of iodine, the values listed for food ingestion represent ingestion of milk corresponding values for ingestion of nondairy foods would be lower by a factor of approximately 2.

Inhalation values are provided both for inhalation of particulate aerosols (with default ICRP lung absorption type F; see first line ofvalues) and inhalation of vapor (ICRP lung absorption

type V; see second line of values). Corresponding values for inhalation of methyl iodide vapor are also provided in Federal Guidance Report 13, and am slightly lower than the vapor entries

in each case. -

^ The first row of values listed correspond to ICRP Lung Type of"M" (medium particulate) and the second row of values listed correspond to ICRP Lung Type

of"V" (vapor). . .

' For tritium, two sets of values are provided for ingestion and inhalation pathways. The values in the first line represent ingestion of H-3 in the form of tritiated water and inhalation of

tritiated water vapor, while values in the second line represent ingestion of organically bound tritium and inhalation ofH-3 in particulate form (with default ICRP lung absorption type M).

The corresponding value for inhalation of H-3 in organically bound gas would be greater than the value for tritiated water vapor by a factor of 2.3, while the value for inhalation of elemental

hydrogen gas would be lower by a factor of 10,000.
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Table 7-15 Acute Radionuclide Exposure Criteria (AREC) Based on Total Acute Radiation Dose of 100 mrem

Radionuclide of

Potential Concern

External CDE

(Sv-m'Bq-s)

ARECEb

(uCi/cm3)

Inhalation CDE `

(Sv/Bq)

AREC, d

(uCUcm3)

ARECa`

(uCi/cm)

ARECMr

(uCVcm3)

Actinium-227+D8 1.9E-14 4.IE-04 3.6E-04 6.3E-11 6.3E-11 1.44E-12
Americium-24l 8.2E-16 9.2E-03 1.2E-04 1.9E-10 1.913-10 4.27E-12

Americium-243+08 9.9E-15 7.6E-04 1.2E-04 1.9E-10 1.9E-10 4.3013-12

Antimony-125+D 2.0E-14 3.7E-04 3.7E-09 6.0E-06 5.9E-06 1.3413-07

Cadmium-113m 6.9E-18 1.1E+00 4,1E-07 5.513-08 5.513-08 1.24E-09
Carbon-14 2.2E-19 3.4E+01 7.8E-13 2.9E-02 2.913-02 6.5313-04
Cesium-134 7.6E-14 9.9E-05 1.3E-08 1.8E-06 1.81<06 4.02E-08

Ccsium-137+138 2.713-14 2.8E-04 8.6E-09 2.6E-06 2.6E-06 5.88E-08

Barium-137m" Included in acute radionuclide exposure criterion for Cesium-137+D

Cobalt-60 1.3Ed3 6.0E-05 8.913-09 2.5E-06 2.4E-06 5.49E-08
Curium-242 5.713,18 1.3E+00 4.713-06 4.8E-09 4.88-09 1.10E-10

Curium-243 5.9E-15 1.3E-03 8.3E-05 2.7E-10 2.7E-10 6.1713-12
Curium-244 4.9E-18 1.5E+00 6.7E-05 3.4E-10 3.413-10 7.64E-12
Europium-152 5.7E-14 1.313-04 6.0E-08 3.8E-07 3.8E-07 8.55r09
Europium-154 6.1E-14 1.2E-04 7.713,08 2.9Fr07 2.9E-07 6.61E-09

Euro ium-155 2.5E-15 3.0E-03 1.113-08 2.0E-06 2.013-06 4.57E-08

Iodine-129 3.8E-16 2.0E-02 4.711-08 4.8E-07 4.813-07 1.0913-08

Ne tunium-237+oa 1.0E-I4 7.2E-04 1.5E-04 1.513-10 1.5E10 3.51E-12

Nickel-59 0.0E+00 0.0E+00 2.5E-10 9.113-05 9.1E-05 2.06E-06
Nickel-63 O.0E+00 O.0E+00 6.2E-10 3.6E-05 3.6E-05 8.23E-07

Niobium-93m h 4.4E-18 1.7E+00 8.7E-10 2.6E-05 2.6E-05 5.90E-07
Plutonium-238 4.913-18 1.5E+00 1.1E-04 2.1E-10 2.1E-t0 4.83E-12
Plutonium-239 4.2E-18 1.8E+00 1.2E-04 1.9E-10 1.9E-I0 4.41E-12
Plutonium-240 4.8E-18 1.6E+00 1.213-04 1.9E-10 1.9E-10 4.41E-12
Plutonium-241 73E-20 1.0E+02 2.2E-06 1.0E-08 1.0E-08 2.30E-I0
Plutonium-242 4.0E-18 1:9E+00 L1E-04 2.0E-I0 2.0E-10 4.61E-12
Protactinium-231 1.7E-15 4.4E-03 2.3E-04 9.7E-I1 9.7E-II 2.21E- 12

Radium-226+D B 8.9E-14 8.513-05 2.313-06 9.7E-09 9.7E-09 2.20E-10

Radium-228+Ds 4.8E-14 1.6E-04 1.3E-06 1,7E-08 1.7E-08 3.87E-10

Ruthenium-106+Ds 1.0E-14 7.2E-04 3.2E-08 7.1}307 7.1E-07 1.618-08
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Table 7-15 Acute Radionuclide Exposure Criteria (AREC) Based on Total Acute Radiation Dose of 100 mrem

Radionuclide of

Potential Concern

External CDE `

(Sv-m3Bq-s)

ARECE

(uCi/cm)

Inhalation CDE `

(Sv/Bq)

ARECt d

(uCi/cm3)

ARECa`

(uCi/cm')

ARECMr

(uCi/cm)

Samarium-ISI 0.0E+00 0.0E+00 8.1E-09 2.8E-06 2.8E•06 632E-08
Selenium-79 3.OE-19 2.5E+01 1.8E-09 1.311-05 1.3E-05 2.89E-07
Strontium-90+Ds 2.0E16 3.8E-02 6.7E-08 3.411-07 3.4E-07 7.64P09
Yttrium-90 Included in acute radionuclide exposure criterion for Strontium-90+D
Technetium-99 L6E-18 4.6E+00 2.3E09 1.0&05 1.0E-05 2.27E-07
'Ihorium-229+Dg 1.5E-14 5.0E-04 4.7E-04 4.8E-11 4.8E-Il 1.09P 12
Thorium-232 8.7E-18 8.6E-01 3.1E-04 7.211-11 7.2E-11 1.65E-12
Tin-126+01 9.6E-14 7.8E-05 2.7E-08 8.2E-07 8.1E-07 1.85E-08
Tritium 3.3E-19 2.3E+01 1.713-11 1.3E-03 1.3E-03 2.9611-05
Uranium-232 1.4E-17 5.3E-01 4.0E-06 5.6E-09 5.6E-09 1.27E-10
Uranium-233 1.6E-17 4.611-01 2.2E-06 I.OE-08 1.0E-08 2.37E-10
Uranium-234 7.6E-18 9.8E-01 2.1E-06 1.111-08 1.1E-08 2.40E-10

Uranium-235+08 7.7E-15 9.7E-04 2.0E-06 1.1E-08 1.1E-08 2.60E-10
Uranium-236 5.0E-18 1.5E+00 2.0E-06 I.1E-08 1.IE-08 2.55E-10
Uranium-238+D 1.2E-15 6.4E-03 1.9E-06 1.2E-08 1.2E-08 2.68E-10
Zirconium-93 O.0E+00 0.0E+00 2.3E-08 1.0E-06 1.0E-06 2.28E-08

a Committed dose equivalent (CDE) for external exposure from Federal Guidance Report 12. CDE for+D radionucides calculated as the sum of the product of the
CDE and decay frequency for each daughter radionuclide in the decay chain.
Acute radionuclide exposure criteria for external exposure.

` Committed dose equivalent for inhalation from Federal Guidance Report I t. CDE for+0 radionucides calculated as the sum of the product of the CDE and

decay frequency for each daughter radionuclide in the decay chain.

"Acute radionuclide exposure criteria for inhalation exposure.

`Combined acute radionuclide exposure criteria for both external exposure and inhalation for individual radionuclides of potential conceni (ROPCs).
rCombined acute radionuclide exposure criteria for both external exposure and inhalation corrected for total 100 mrem dose from all ROPCs (ARECs/44).

s+D values include contributions from short-lived daughter products (see list of daughter products on Table 7-14).

The "m" designates radionuclides in the metastable state.
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1 Figure 7-1 Human Health Conceptual Exposure Model
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I Figure 7-2 Locations of Potential Human Receptors including Potentially Sensitive Receptors
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Figure 7-3 Hanford Site Existing Land Use Map - 1996
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Figure 7-4 Hanford Site Projected Land Use - 2046
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1 Figure 7-5 Native American Subsistence Resident Hunting and Gathering Areas
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r 8 Screening-Level Ecological Risk Assessment

2 The screening-level ecological risk assessment (SLERA) incorporates four.fundamental components of
3 the ERA process: (1) problem formulation, (2) exposure assessment, (3) effects assessment, and (4) risk
4 characterization. Selection of chemicals of potential concern (COPCs) and radionuclides of potential
5 concern (ROPCs) (discussed in section 4 of this work plan), quantification of emissions (discussed in
6 section 5), and dispersion modeling (discussed in section 6) feed critical information to this process. The
7 SLERA is intended to meet three goals identified in US Environmental Protection Agency (EPA) draft
8 guidance (EPA 1999a): the SLERA (1) provides the maximum, most conservative exposure estimate, (2)
9 "Identlfles whlch Sathways al; dtjving l*k sgecItlc tRa C2 3 C and 19cestgO, and (3) "aWs Ulsk

10 p anagep ent effglys tREe ST^gljtlzed." 7 hese p ethRds wIffl3e used fRUERth the Slg-dep RnstlfftlRn test
11 risk assessment (PRA) and the final risk assessment (c RA), which will differ in that the PRA will use soil
12 and surface water concentrations modeled from estimated stack emissions, whereas the cRA will use soil
13 and surface water concentrations that are based on the results of a performance demonstration test using
14 surrogate waste as well as estimated stack emissions. As indicated in section 2, the e anford Tank t aste
IS Treatment and fmmobilization Plant (t TP) recognizes that there are significant limitations to using a
16 limited performance demonstration test to predict the ability of the melter offgas systems to control
17 emissions. e owever, proven thermal treatment approaches will be used to select test constituents that are
18 representative of the worst-case constituents and operating conditions so that a conservative estimate of
19 performance is obtained.
20
21 8.1 Problem Formulation

22 This section of the risk assessment work: plan (RAt P) focuses on the conceptual exposure model
23 (section 8.1.1), ecological setting (section 8.1.2), ecological receptor identification (section 8.1.3), and
24 assessment/measurement endpoints (section 8.1.4). Each is defined below.
25

26 8.1.1 Ecological Conceptual Exposure Model

27 A conceptual exposure model has been developed that identifies ecological receptors and complete
28 exposure pathways (that is, exposure scenarios). The conceptual exposure model is shown as cigure 8-1.
29 The end product of the conceptual exposure model is the identification of exposure scenarios that are
30 defined by exposure pathways and potentially exposed populations. The conceptual model was
31 developed from information obtained from EPA (1999a) and Screening Assessment and Reguirements for
32 a Comprehensive Assessment: Columbia River Comprehensive Impact Assessment (a OE-RL 1998).
33
34 The conceptual model focuses on identifying complete exposure pathways for potentially exposed
35 receptor populations. An exposure pathway is the means through which an organism comes in contact
36 with a chemical or radionuclide in the environment. Exposure pathways are determined by environmental
37 conditions (such as location of habitat and home ranges as well as wind speed/direction), the potential for
38 chemical migration among media (such as air, soil, or surface water), and the behavior and diet of
39 potentially exposed plant and animal populations. Although several potential pathways may exist, not all
40 pathways may be complete. c or a pathway to be complete, all of the following four factors must exist:
41
42 1 A source of COPC or ROPC release into the e anford Site environment

43 2 A release and transport mechanism (such as deposition to soil) that moves the COPC or ROPC from
44 the source, such as stack, to other locations in the environment
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1 3 A point of contact with a contaminated medium

2 4 An exposure route to the receptor, such as ingesting or inhaling affected media

4 These four factors were considered in the conceptual model. The sources of COPC and ROPC release are
5 the stack and process cell emissions from the WTP (section 3). Air dispersion (section 6.1), soil and
6 surface water accumulation (sections 6.2 and 6.3, respectively), potential points of contact, and complete
7 exposure pathways are identified to formulate exposure scenarios that will be the focus of the quantitative
8 risk assessment.

10

11
12
13
14
15
16
17
18
19
20
21
22

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

8.1.2 Ecological Characterization

The ecological setting and habitats at Hanford determine what receptors will be potentially exposed and
the important complete pathways. For example, deserts and water bodies have different receptors and
exposure pathways. The Hanford Site and adjacent region are a shrub-steppe vegetation zone with a.
shrub overstory and an understory of grasses. Ecological resources at the Hanford Site are extensive,
diverse, and important as explained by Neitzel and others (1998). Because the Hanford Site has not been
farmed or grazed for over 50 years, it has become a refuge for a variety of plant and animal species (Gray
and Rickard 1989) containing one of the largest remaining undisturbed shrub-steppe ecosystems in
Washington State (see Appendix Cl for a listing of plants and animals observed on the site). About 665
km2 (257 mi) of undeveloped lands located on site (almost half of the total area of the Hanford Site) have
been designated as ecological study areas or refuges (Figure 8-2).

8.1.2.1 Physiographic Setting

The Hanford Site lies within the Intermountain Semidesert Province (USFS 1994). This province
includes the plains and plateaus of the Columbia-Snake River Plateau and the Wyoming Basin. The
climate is cool, the average temperature being about 50 °F, and semi-arid, with the average annual
precipitation ranging from approximately 6 inches to 20 inches across the province from west to east. At
the Hanford Site, the average annual precipitation totals about 6 inches. This precipitation is evenly
distributed throughout the fall, winter, and spring months, with little precipitation during the summer
months.

The Hanford Site lies within the semi-arid Pasco Basin of the Columbia Plateau in southeastern

Washington State and occupies an area of approximately 1450 km2 (560 miZ) north of the confluence of

the Yakima River with the Columbia River. The Pasco Basin lies within the southwest corner of the

larger Columbia Basin. The Hanford Site occupies approximately one-third of the land area within the

Pasco Basin. The Columbia River flows through the northern part of the Hanford Site and forms part of

V¢HHanIM96i)Ms W)Ki^FgunCaLq aT)Vtj*liping sRu^Ti. 7 hHYaNp a 5 iylUpns nfgl)<tugsguWH0

boundary. Rattlesnake Mountain,. Yakima Ridge, and Umtanum Ridge form the southwestern and

western boundaries of the Hanford Site. The Saddle Mountains form the northern boundary. Adjoining

lands to the west, north, and east are principally range and agricultural land. The Hanford Site exhibits

low relief, ranging from 120 in above mean sea level (MSi ) at the Columbia River to 230 in MSi in the

vicinity of the WTP sites.

The 200 Area and WTP site are located on the Central Plateau. The Central Plateau is characterized by
generally low-relief hills with deeply incised river drainages. Gable Butte and Gable Mountain (small
east to west ridges) are prominent features of the Central Plateau.
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

39
40
41
42
43
44
45
46
47

8.1.2.2 Regional Ecology

The region has been characterized as shrub-steppe. Shrub-steppe vegetation is dominated by a shrub
overstory with an understory of grasses (Daubenmire 1970). Nonindustrialized lands on the Hanford Site
have not been farmed or grazed by livestock for over 50 years, allowing it to serve as a refuge for a
variety of plant and animal species (Gray and Rickard 1989). As stated earlier, approximately 665 km2
(257 mi) of undeveloped lands within the Hanford Site have been designated as refuges or ecological
study areas. Shrub-steppe is considered a priority habitat by the state of Washington because of its
importance to wildlife species of concern (Neitzel and others 1998). The National Biological Service has
identified native shrub and grassland steppes in Washington and Oregon as endangered ecosystems
(DOE 1999a).

Biodiversity on the Hanford Site is enhanced by the large, relatively undisturbed tract of native
shrub-steppe habitat and by the Hanford. Reach, which is a stretch of the Columbia River below the Priest
Rapids Dam (DOE 1999a). Additional :factors influencing biodiversity include topographic features such
as Rattlesnake Mountain, Gable Butte, Gable Mountain, and the presence of a variety of soils ranging
from sand to silty and sandy loam. Unique terrestrial habitats include basalt outcrops, scarps (cliffs),
scree slopes, and sand dunes. Aquatic habitats are mostly associated with the Columbia River and include
open water habitat, wetlands, and riparian areas (Figure 8-3).

Cold Creek and a tributary, Dry Creek, are ephemeral streams within the Yakima River drainage system
that roughly parallel State Route 240 through the Hanford Site. Both streams drain areas to the west of
Hanford Site. Surface flow, when it occurs, infiltrates and disappears into the surface sediments in the
western portion of the Hanford Site. Rattlesnake Springs, located on the western portion of the Hanford
Site, forms a small surface stream that flows for about 3 km (1.8 mi) before disappearing into the ground.

West Lake is located north of the 200 East Area (Figure 8-2) and is recharged from groundwater
(Neitzel and others 1998). West Lake has not received direct effluent discharges from any Hanford Site
facilities. This water body is created by an elevated water table within a low surface area south of Gable
Mountain. This artificially elevated water table occurs under much of the Hanford Site, reflecting the
augmented recharge from Hanford Site operations. Currently, West Lake has been reduced to a collection
of small pools and mudflats (Neitzel and others 1998).

Gable Mountain Pond (also to the north of the 200 East Area but south of West Lake) and the B Pond
System (immediately east of the 200 East Area) received cooling water discharges from several facilities
at the Hanford Site (Rogers and Rickard 1977). These artificial water bodies, formed by the wastewater
discharges from the operation of the separation facilities, were decommissioned and covered with soil.

Vegetation

The Hanford Site is a shrub-steppe ecosystem characterized by bunchgrasses and sagebrushes
(Figure 8-3). This ecosystem is also referred to as high desert, northern desert shrub, or desert scrub
(Franklin and Dyrness 1973). Prior to settlement by western Europeans, the dominant plant in the area
was big sagebrush (Artemisia tridentata) with an understory of perennial bunchgrasses, especially
6Di(EHg's EQl.glos (Poa sandbergii) and bluebunch wheatgrass (Agropyron spicatum). Following
settlement in the early 1800s, grazing and agriculture disrupted the native vegetation and opened the way
for invasive species such as Russian thistle (Salsola kali) and cheatgrass (Bromus tectorzmz). Cheatgrass
is now dominant in fields that were cultivated prior to the establishment of the Hanford Site. Cheatgrass
also is well established on rangelands at elevations less than 244 m(800 $) (DOE 1999a). Establishment
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1. of the Hanford Site as a nuclear complex in 1943 resulted in the creation of a secured area of mostly
2 undeveloped land with scattered, small industrial facilities. Consequently, the Hanford Site is one of a
3 small number of remaining shrub-steppe tracts in Washington State that is relatively undisturbed.
4 Wildfire is a common occurrence and can significantly alter the shrub component ofthe vegetation. The
5 most recent extensive fire on the Hanford Site was in 2000 and burned over 660 km2 (250 miZ). Trees
6 were planted and irrigated on most of the pre-1943 farms to provide windbreaks and shade. Some of
7 these trees have persisted and serve as nesting platforms for several species of birds (hawks, owls, ravens,
8 magpies, and great blue herons) and as night roosts for wintering bald eagles (DOE 1999a) (Figure 8-4).

10 Almost 600 species of plants have been identified on the Hanford Site (Neitzel and others 1998). The
I I dominjj07A6iWDHEig sLgffrush, rjEi)$rush, FhffWrDs, lyd 6lydE3-fg's E(ilfgr13s, wiW'Fhl-3VDs
12 providing half of the total plant cover on much of the Hanford Site. Cheatgrass and o ussian thistle are
13 annuals introduced to the r nited States from Eurasia in the late 1800s that invade disturbed areas. Big
14 sagebrush and bitterbrush (Purshia spp.) are widely spaced and usually provide less than 20 % canopy
15 cover. Bitterbrush provides important browse for the resident mule deer herd. The dominant understory
16 S(bW]3Hgl3sH, HSIFiDVP FhlMDs, 6DidEHg's EQ1-grDs,'ndilg riF7-gDs (Orysopsis hymenoides),
17 gone grass (Koeleria macrantha), and needle-and-thread grass (Stiba thurberiana).
18
19 Central Plateau. The Central 1Tlateau and surrounding areas have been identified as predominantly
20 shrub-steppe (Neitzel and others 1998 and Duranceau 1995). This designation includes communities
21 dominated by big sagebrush and bitterbrush (Purshia tridentata) with an understory of cheatgrass or
22 6EpdEgg's FAlgrl3s. 3 DWviQfirH in W1ICFpW ()>Mji hDrHoSHij4J u^S somHI31D, Hgjkig IynosDF
23 of shrub- and grass-dominated areas. More than 100 species of plants have been identified on the Central
24 ntateau (Cushing 1992). Common species include big sagebrush, rabbitbrush (Chrysbthamnus nauseous),
25 l.fil-oeDs, lpd 6LydEHg's EQ1.grDs. ChBN#Ds srovidfy ESSroximoW 50 % of WH)h)M:^QyWvH.
26 Cheatgrass also is common where native plant communities have been disturbed by wildfire or past
27 construction activities. Three vegetation subtypes occurring in the vicinity of the 200 West Area of the
28 Cl-pV40 Qj)7pi BHslglfrush lpd 6lydEgg's EQ}grDs; srgl^'rush Bpd nl{{l(hDid-)¢yH}l gDs, Did
29 sginy hosslgHDid 6j3idEHg's EQlgr6s.
30
31 The WTmsite in the 200 East Area and the immediately surrounding area are approximately 40 % big
32 sagebrush and rabbitbrush (Figure 8-5). Another 20 % is dominated by o ussian thistle, with the
33 remainder being disturbed vegetation or bare gravel (nNi 1994). Other vegetation in the 200 Area
34 includes introduced perennial grasses planted to revegetate and stabilize disturbed areas such as waste
35 burial grounds. Siberian wheatgrass (Agropyron sibericum) has been used extensively and has proven to
36 be drought tolerant and better adapted to sandy soil than other species (Stegen 1993).
37
38 Wetland and riparian species, such as cattail, reeds, and various trees, such as willow (Salix spp.),
39 cottonwood (Populus spp.), and o ussian olive (Eleagnus angustifolia), are established around some of the
40 man-made ditches and ponds in the area (Neitzel and others 1998). The decommissioning of some
41 facilities has eliminated the supply of industrial water feeding some ponds. Without this water supply,
42 the artificially supported wetland habitats have also been eliminated.
43
44 fntroduced.perennial grasses (that is, Siberian wheatgrass) have been used extensively in the Central
.45 nlateau to revegetate and stabilize waste burial grounds against wind and water erosion (DOE 1999a).
46 Siberian wheatgrass has proven to be drought tolerant and better adapted to sandy soils than other
47 cultivars used in Central nlateau revegetation efforts (WHC 1993).
48
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1 Columbia River. The two major vegetation types occurring along the HanfordReach of the Columbia
2 River are riparian and upland (NPS 1994). Riparian habitats are found along the shoreline, slack water
3 and slough areas, and on islands in the river. Riparian vegetation at these locations includes both woody
4 and herbaceous species maintained by the high water table immediately adjacent to the river. Common
5 plant species occurring in the riparian zone include black cottonwood, mulberry, willow, dogbane, and a
6 variety of grasses and forbs (Neitzel and others 1998). Sensitive habitats within the riparian zone include
7 islands and cobbled shorelines occurring as a narrow band along the Hanford Reach: Plant species
8 occurring in these areas include perennial, summer-blooming forbs adapted to seasonal changes in water
9 levels (NPS 1994). Upland habitats along the Hanford Reach are composedaf shrub-steppe vegetation
10 similar to that found on the Central Plateau (DOE 1999a). Sand dunes are often colonized by
11 needle-and-thread grass on the north-facing slopes and a mixture of shrubs and forbs at the crest
12 (Sackschewsky and others 1992).
13
14 In summary, special topographic features include Gable Butte and Gable Mountain north of the Central
15 Plateau and an extensive series of active sand dunes in the southeast portion of the area. The dominant
16 SWt cgp p unitiH EfflchgjgU[ss, s]Egtftpsh-EittgAysh DiG6Di(Epg's EQhgLos, slgff-gtsh lpG
17 chpOgLos, 6Di(EHZ's EQbgMs, IpG^ggigpi s%it cRp p unitiH (6UNchHvsI* LpGRthM 1992).
18 Depending on the location, many of the terrestrial plants occurring in this area are the same as those
19 found in the adjacent Columbia River and Central Plateau. Big sagebrush, bitterbrush, rabbitbrush,
20 cht-I)gLDs, DaG6Ily(1IIg's EQrgl3s E1HcRp p Rn sSHiH in thH300 LpG400 ggD in thHsRuthpDt ctgryIFU
21 of the Hanford Site (Neitzel and others 1998). Common plants growing in riparian areas along the
22 Columbia River include reed canarygrass, common witchgrass, large barnyard grass, summer-blooming
23 forbs, sandbar willow, poplar, white mulberry, and Russian olive (NPS 1994). s egetation occurring on
24 scree slopes, outcrops, and scarps on Gable Butte and Gable Mountain is limited to scattered individual
25 and groups of plants. Plant species include squaw currant, bluebunch wheatgrass, rock buckwheat, and
26 thyme buckwheat. Rigid sagebrush (Aritemesia rigida) occurs at the Hanford Site only on Gable
27 Mountain and Umtanum Ridge (Downs and others 1993).
28
29 Wildlife

30 Almost 300 species of terrestrial vertebrates have been observed at the Hanford Site. This number
31 includes 41 species of mammals, 246 species of birds, 4 species of amphibians, and 9 species of reptiles
32 (Neitzel and others 1998).
33
34 Mammals. i arge herbivorous mammal species that are found on the Hanford Site include mule deer,
35 elk, and white-tailed deer. Mule deer, with an onsite herd of several hundred, occur just about
36 everywhere on the Hanford Site but are most often found near the Columbia River. t hite-tailed deer
37 (Odocoileus virginianus) and elk (Cervzrs elaphus) began to appear on the Hanford Site during the
38 early 1970s. t hite-tailed deer tend to remain in the riparian habitats along the rivers, while elk generally
39 are restricted to the c itzner-Eberhardt Arid i ands Ecology Reserve (cEAi E Reserve). Elk frequently
40 move off the reserve to private lands to the nbrth and west, particularly.during late spring, summer, and
41 early fall. This herd grew from an estimated 8 animals in 1975to almost 600 animals in 1997
42 (Neitzel and others 1998).
43
44 Black-tailed jackrabbits (Lepus californfcus) are common on the Hanford Site and are most often found in
45 . mature stands of sagebrush. Cottontail rabbits (Sylvilagus spp.) also are common but are more closely
46 l3sRciljl.Pwith thHC^yp0SWDjD; RI thHHlyIM_o 6itH 7 RwnsfpGs g[RtmGsTuiLUP (Spermophilus
47 townsendiimollis) occur in colonies of various sizes scattered across the Hanford Site. The most
48 abundant mammal inhabiting the site is the Great Basin pocket mouse (Perognathusparvus). This mouse
49. occurs all across the Columbia River plain and on the slopes of the surrounding ridges. Other small
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mammals include the western harvest mouse (Reithrodontomys megalotis), grasshopper mouse
(Onychomys leucogaster), deer mouse (Peromyscus maniculatus), house mouse (Mus musculus),
mountain vole (Microtus montanus), sagebrush vole (Lagurus curtatus), brushy-tailed woodrat (Neotoma
cinerea), Northern pocket gopher (Thomomys talpoides), vagrant shrew (Sorex vagrans), and Merriam's
shrew (Sorex merriami) (a OE 1999a).

7 Common mammalian predators are the coyote (Canis latrans), bobcat (Lynx rufus), and badger (Taxidea
8 taxus). These carnivores feed primarily on the several species of small mammals found on the e anford
9 Site, including the d reat Basin pocket mouse, western harvest mouse, grasshopper mouse, deer mouse,

1 M house mouse, 7 ownsend's ground sTnirreQmountain vo®, sageErush vo®, EQcNtai@d jacNaEEit,
11 brushy-tailed woodrat, and northern pocket gopher. Of these small mammals, the d reat Basin pocket
12 mouse is the most abundant. Coyotes have been a major predator of Canada goose (Branta canadensis
13 leucopareia) nests on Columbia 0 iver islands, especially upstream from the abandoned e anford townsite
14 (a OE 1999a).
15
16 r p to 14 species of bats are known or have the potential to be present on the e anford Site or in the
17 vicinity. They include the pallid bat (Antrozous pallidus), hoary bat (Lasiurus cinereus), silver-haired bat
18 (Lasionycteris noctivagan), little brown bat (Myotis lucifugus), California brown bat (Myotis
19 californicus), v uma brown bat (Myotis yamanensis), and tricific western big-eared bat (Plecotus
2M townsendii) (citzner and d ray 1991). The pallid bat, which roosts in abandoned buildings, is considered
21 to be the most abundant. All of these bat species feed on flying insects.
22
23 Birds. Nearly 25Tvlspecies of birds occur on or near the e anford Site as year-round residents, seasonal
24 residents, migrants, and accidentals (Neitzel and others 1998).
25
26 Eleven raptors have been documented as nesting on the e anford Site. These include the northern harrier
27 (Circus cyaneus), red-tailed hawk (Buteojamaicensis), 6wainson's hawN(Buteo swainsoni), golden eagle
28 (Aquila chrysaetos), prairie falcon (Falco mexicanus), American kestrel (Falco sparverius), bam owl
29 (Tyto alba), great horned owl (Bubo virginianus), long-eared owl (Asio otus), short-eared owl (Asio
3M flammeus), and burrowing owl (Athene cunicularia) (c itzner and d ray 1991, o ickard and others 1988).
31 o aptors use a variety of habitats for nesting and foraging on the e anford Site. Nesting habitats include
32 outcrops, cliffs, trees, marshes, fields, and utility towers. a epending on raptor species, prey may include
33 small mammals, birds, reptiles such as snakes, and insects.
34
35 Several songbird species occur in the shrub-steppe vegetation. These include the western meadowlark
36 (Sturnella neglecta), grasshopper sparrow (Ammodramus savannarum), homed lark (Eremophila
37 alpestris), and sage thrasher (Oreoscoptes montanus) (a owns and others 1993). The western meadowlark
38 and homed lark are the most abundant breeding bird species within the shrub-steppe habitat (0 ickard and
39 nbole 1989). These two species nest on the ground in the open, while other species (such as sage
4M sparrow, sage thrasher, and loggerhead shrike) require sagebrush or bitterbrush as nesting structures.
41
42 Common upland game bird species include the chukar partridge (Alectoris chukar), California quail

43 (Callipepla californicus), and Chinese ring-necked pheasant (Phasianus colchicus): Sage grouse

44 (Centrocercus urophasianus) and gray partridge (Perdix perdix) are less common and are rarely seen. A
45 1997 inventory conducted by The Nature Conservancy did not record any sage.grouse in the
46 sagebrush-steppe habitat of the c itzner-Eberhardt Arid i ands Ecology (4EAi E) o eserve (Neitzel and
47 others 1998). None of the upland birds is native to the area except the sage grouse.
48
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1 Reptiles and Amphibians. Nine species of reptiles and four species of amphibians are found at the
2 Hanford Site (Neitzel and others 1998). The side-blotched lizard (Uta stansburiana) is the most abundant
3 reptile (Neitzel and others 1998). The short-homed lizard (Phrynosoma douglassii) and northern
4 sagebrush lizard (Sceloporous graciosus) are also common in mature sagebrush habitats with sandy soil.
5 Commonly encountered snakes include the gopher snake (Pituophis melanoleucus), yellow-bellied racer
6 (Coluber constrictor), and Pacific rattlesnake (Crotalus viridis). Less common are striped whipsnakes
7 (Masticophis taeniatus) and desert night snakes (Hyspiglena torquata). Amphibians on the Hanford Site
8 are associated with riparian habitats located along the Columbia River or other permanent water bodies
9 (Fitzner and Gray 1991). Species include the Great Basin spadefoot toad (Spea intermontana),

10 Woodhouses toad (Bufo woodhouseii), and the Pacific tree frog (Hyla regilla).
11
12 Terrestrial Invertebrates. Most of the terrestrial invertebrate species on the Hanford Site are insects and
13 spiders. Butterflies, grasshoppers, and darkling beetles represent some of the more conspicuous insect
14 groups. The populations of all three oflthese species of insects are subject to seasonal changes and
15 weather variations (Rogers and Rickard 1977). Many of the insect species are important in the food web
16 of birds and mammals found on the Hanford Site. Species like the darkling beetle play an important role
17 in the decomposition process by feeding on decaying plant material, animal feces, fungi, and live plant
18 tissue (Weiss and Mitchell 1992). Spiders are also abundant, especially in the riparian and shrub-steppe
19 habitat (DOE 2001).
20
21 The Nature Conservancy has identified nearly 1500 species of insects on the Hanford Site (Hall 1998).
22 The Nature Conservancy identified 41 new species of insects, including 6 new species of bees, 6 new
23 species of flies, 5 new species of leafhopper and planthopper insects, 1 new species of wasp, and 1 new
24 species of beetle (Neitzel and others 1998). The Nature Conservancy focused on the FEALE Reserve, the
25 Wahluke Slope, and along the Columbia River. Consequently, none of these new species has been
26 reported from the 200 Area.
27
28 Distribution of Wildlife. Because the habitats of the Central Plateau are considerably different from
29 those near the Columbia River, terrestrial animals are described separately for those locations in the
30 following paragraphs.
31
32 Central Plateau: A characterization study of small mammals performed south of the 200 East Area
33 resulted in the following five species being trapped: the Great Basin pocket mouse, deer mouse, northern
34 grasshopper mouse, sagebrush vole, and western harvest mouse (Rogers and Rickard 1977). The Great
35 Basin pocket mouse represented more than 90 % of the individuals caught. Medium- and large-size
36 mammals that may occur in the Central Plateau include rabbits, coyotes, badgers, and mule deer (Rogers
37 and Rickard 1977). Some of these organisms are receptors in the SLERA. Other mammals potentially
38 using areas associated with ponds and diitches in the 200 Area include muskrats, porcupines, and raccoons
39 (DOE 1999a). Many common bird species, such as the western meadowlark and sage sparrow, are likely
40 to occur on the Central Plateau where suitable habitats exist. Thirty-seven species of terrestrial birds were
41 recorded during surveys conducted in the 200 Area in 1986 (Schuler and others 1993).
42
43 Unique habitats can be found on Gable Butte and Gable Mountain situated north of the Central Plateau.
44 These unique habitats include basalt outcrops, scarps, and scree slopes. Birds likely to occur in these
45 habitats are the prairie falcon, rock wren„ poorwill, and chukar; small mammals include the yellow-bellied
46 marmot and wood rat; reptiles include rattlesnakes, gopher snakes, and homed lizards (Downs and
47 others 1993).
48
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9
10
11
12
13
14
15
16
17
18

Columbia River: Terrestrial wildlife species use.both shoreline riparian and shrub-steppe habitats
occurring along the Columbia River and on the islands. Wildlife reported to use the Hanford Reach
include 184 species of birds, 36 species of mammals, 9 species ofreptiles, and 4 species of amphibians

(NPS 1994). The Canada goose uses islands along the Hanford Reach extensively for nesting.
Monitoring of nesting geese that use the Hanford Site has been ongoing since 1950. These studies
indicate that Canada geese nest more frequently on islands in the downstream reach because of heavy

predation by coyotes further upstream (Neitzel and others 1998): Mule deer use the islands and other

riparian areas for fawning habitat. Wildlife occurring in shoreline habitat includes 46 species that use
willow communities and 49 species that use grass areas (NPS 1994).

The Hanford Reach begins at the foot of Priest Rapids Dam in the northwest portion of the area within a
50 km radius of the WTP stacks. It extends through the Hanford Reservation to the reservoir of McNary

Dam, just north of the city of Richland. The Hanford Reachincludes a variety of habitat types that
encompass habitat types that are also found outside the Hanford Reach but within the 50 km radius.
Therefore, biota in and outside of the Hanford Reach are expected to be similar. Evaluating risks
wherever the concentration in the Columbia River is highest ensures that all biota in the 50 km radius are
protected.

19 8.1.2.3 Aquatic Ecosystems

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

Washington State has classified the stretch of the Columbia River that includes the Hanford Reach as
Class A, Excellent (Neitzel and others 1998). Class A waters must be suitable for essentially all uses,
including raw drinking water, recreation, and wildlife habitat. Water from the Columbia River is used for
both irrigation and municipal water supplies. Federal and state drinking water quality standards apply to
the Columbia River and are being met (Neitzel and others 1998). Water samples from the Columbia
River and three ponds on the Hanford Site are routinely collected and analyzed.

The Columbia River supports an ecosystem of plankton, benthic invertebrates, fish, and other
communities. Algae are abundant in the river and provide food for herbivores, such as immature insects,
which are then eaten by carnivorous species, such as bass. Aquatic plants in the Hanford Reach include
water milfoil, waterweed, pondweed, Columbia yellowcress, watercress, and duckweed. Water milfoil is

an aggressive, introduced aquatic plant and is becoming a nuisance in the river. Other aquatic species
found in the Hanford Reach include microflora, zooplankton, and benthic invertebrates. Microflora
include both sessile types (periphyton) and free-floating types (phytoplankton). Microflora species
include diatoms, golden or yellow-brown algae, green algae, blue-green algae, red algae, and
dinoflagellates. Dominant zooplankton taxa include Bosmina, Diaptomus, and Cyclops. Benthic
invertebrate taxa occurring in the Hanford Reach include insect larvae such as caddisflies, midge flies,
and black flies; snails, freshwater sponges, limpets, and crayfish are also present (Neitzel and
others 1998).

The Hanford Reach supports over 40 species of fish. The anadromous chinook salmon, sockeye salmon,
coho salmon, and steelhead trout use the river to migrate to and from upstream spawning areas. Chinook
salmon and steelhead trout also spawn in the Hanford Reach in the fall (Figure 8-6). Shad may also
spawn in this stretch of river. Mountain whitefish, white sturgeon, smallmouth bass, crappie, catfish,
walleye, and yellow perch are important game fish to sport fisherman and Native Americans. A healthy
rough fish population includes carp, redside shiner, suckers, and northern squawfish (Neitzel and
others 1998).

Page 8-8



24590-WTP-RPi-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

1 West Lake, near the 200 Area, is created by a rise in the water table under the Central Plateau and is not
2 fed by surface flow. This results in the pond being highly saline, as well as alkaline, and having a low
3. species diversity (DOE 1999a). West Lake, located southwest of Gable Mountain, fluctuates in size with
4 changes in the water table and is currently reduced to a collection of small pools and mudflats
5 (Neitzel and others 1998). Unlike other ponds on the Hanford Site, West Lake does not receive direct
6 effluent discharges from Hanford Site facilities (PNL 1993). Wetland vegetation found at West Lake is
7_ limited to scattered patches of emergent macrophytes, such as cattails and bulrushes. No jurisdictional
8 wetland has been identified at West Lake.

10 Other wetland habitats found on the Hanford Site are associated with man-made ponds and ditches
11 occurring on the Hanford Site, including the B Pond system located near the 200 East Area and a small
12 cooling and wastewater pond in the 400 Area. The B Pond system was constructed in 19454o receive
13 cooling water from facilities in that area. Since that time, effluent flow to the B Pond has halted. One
14 lobe of the pond received cooling water until recently; the rest of the B Pond system is slowly reverting to
15 a shrub-steppe ecosystem. Gable Mountain Pond (also to the north of 200 East Area but south of West
16 Lake) also received cooling water discharges from several facilities on the Hanford Site (PNNL 1997).
17 These artificial water bodies, formed by the wastewater discharges from the operation of the separation
18 facilities, no longer receive discharges.
19
20 8.1.2.4 Threatened and Endangered Species

21 Species of concern on the Hanford Site include federally listed threatened and endangered (T&E) species,
22 state-listed T&E species, state-listed candidate species, state-listed plant species of concern, and species
23 of ethnobiological concern to Native Americans.
24
25 No federally listed T&E plant or mammal species is documented as occurring on the Hanford Site
26 (Neitzel and others 1998). Three birds on the federal list occur regularly or incidentally on the site; two
27 federally-listed species of fish occur within the Hanford Reach. The threatened bald eagle (Haliaeetus
28 leucocephalus) is found regularly along the Hanford Reach, while the threatened Aleutian Canada goose
29 (Branta canadensis leucopareia) and the endangered peregrine falcon (Falcoperegrinus) occur only as
30 incidental visitors to the Hanford Site (Neitzel and others 1998). The two fish species are the anadromous
31 . chinook salmon (Oncorhynchus tshawytscha) and steelhead (Oncorhynchus mykiss). These species are
32 regulated as evolutionarily significant units (ESUs) by NOAA Fisheries, an arm of the National Oceanic
33 and Atmospheric Administration (NOAA), based on historical geographic spawning areas. One ESU of
34 the chinook salmon, the Upper Columbia River spring-run ESU, is listed as endangered (64 FR 14308).
35 Two ESUs of the steelhead have been listed: the Upper Columbia River steelhead ESU is listed as
36 endangered (Neitzel and others 1998), and the Middle Columbia River steelhead ESU is listed as
37 threatened (64 FR 14517). The Upper Columbia River ESU is the portion of the Columbia River between
38 the US-Canada border and the Yakima River, and it includes the Hanford Reach.
39
40 Washington State lists the peregrine falcon, Aleutian Canada goose, American white pelican (Pelecanus
41 erythrorhynchos), and sandhill crane (Grus canadensis) as endangered and the ferruginous hawk (Buteo
42 regalis) and the bald eagle as threatened. The peregrine falcon is a casual migrant to the Hanford Site
43 - between November and January (DOE 2001), the Aleutian Canada goose is.an accidental fall and
44 winter migrant (DOE 2001), the American white pelican is a year-round resident (DOE 2001), the
45 sandhill crane is a rare fall and spring visitor (DOE 2001), and the ferruginous hawk is a breeding
46 resident. The bald eagle is a regular winter resident along the Columbia River (Neitzel and
47 others 1998).
48
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I Eight species of plants listed by Washington.State as T&E are found on the Hanford Site. Columbia
2 milk-vetch (Astragalus columbianus), loeflingia (Loeflingia squarrosa), HoovH's dHH)7garsll-y
3 (Lomatium tuberosum), and dwarf evening primrose (Oenotherapygmaea) are designated. as threatened.
4 Columbia yellowcress (Rorippa columbia'e), r mtanum desert buckwheat(Erigonium codium), and White
5 Bluffs bladderpod (Lesquerella tuplashensis) are listed as endangered. Columbia milkvetch occurs on
6 upland terraces along the Columbia o iver and on V akima o idge within the FEALE Q eserve. a warf
7 evening primrose has been found north of d able Mountain and on disturbed areas near the. Wye
8 Barricade. r mtanum desert buckwheat and White Bluffs bladderpod are indigenous to theHanford Site
9 (1 fj1K4 and o1k[s 1998). 31SH's dalsy (Erlgeronpiperianus), a state-listed sensitive species, has been

10 found at B Pond near the 200 East Area and at Pit 30. Crouching milkvetch, stalked-pod milkvetch, and
11 scilla onion, all state-listed plant species of concern, are also found in the 200 East Area.'
12
13 Wildlife state-listed candidate species observed or considered likely to be found on or near the Central
14 Plateau include the sage sparrow (Amphispiza belli) and the loggerhead shrike (Lanius ludovicianus).
15 Both of these birds commonly nest in undisturbed shrub-steppe habitat. The sage sparrow is one of the
16 most common nesting birds on the Hanford Site (a owns and others 1.993). 1 ther listed T&E bird species
17 that may be found include the burrowing owl, ferruginous hawk, golden eagle, sage thrasher, and merlin
18 (Neitzel and others 1998). Another wildlife species of concern inhabiting the Central Plateau and vicinity
19 is the striped whipsnake (Mastocophistaeniatus), a state-listed candidate species.
20
21 Central Plateau. No federally or state-listed T&E plant or animal species occur in the Central Plateau
22 (D2 ( 1999a). 61-pHal s)tj4lis)W slanWSfFlff arHfound on VQ'H&FpVKI 31a)l*u. 3ISH's dalsy has Ej+p
23 found at B Pond near the 200 East Area, and may occur in sagebrush-steppe habitat elsewhere on the
24 Hanford Site (WHC 1992). a warf evening primrose has been found on disturbed areas near the Wye
25 Barricade (Neitzel and others 1998) and might also be found on the Central Plateau.
26
27 Wildlife species of state concern occurring in the 200 Area include the loggerhead shrike and sage
28 sparrow. Both species nest in undisturbed sagebrush habitat in the Central Plateau (PNL 1993). 1 ther
29 listed T&E bird species that may occur in shrub-steppe habitat in the Central Plateau are the burrowing
30 owl, goldIp HigIH long-EI11Hl l.ur1fp, and 6walnson's hawN 5l-9)UHsS}F4f of rronFq-ln using INH&HIVMI
31 Plateau include the striped whipsnake (0 ogers and 0 ickard 1977;Neitzel and others 1998).
32
33 Columbia River. No federally listed T&E plant species occur on the Hanford o each (a 1 E 1999a).
34 State-listed endangered plant species occurring along the Hanford 0 each include the Columbia
35 yellowcress. Preferred habitat for Columbia yellowcress is shoreline areas with gently sloping, cobbly, or
36 sandy substrate (PNL 1993). State-listed plant species of concern have been found along the shoreline
37 and on islands of the Hanford 0 each between the s emita Bridge and the 300 Area, including the southern
38 mudwort, dense sedge, and shining flatsedge (WHC 1992, Neitzel and others 1998).
39
40 Federally listed T&E birds include the Aleutian Canada goose,peregrine falcon, and bald eagle. The
41 Aleutian Canada goose and the peregrine falcon are incidental migrants on the Hanford Site (Neitzel and
42 others 1998). State-listed bird species that occur along the Hanford 0 each that are considered relatively
43 common include the American white pelican (endangered), bald eagle (threatened), and sandhill crane
44 (endangered). The common loon (Gavia immer), a state-listed candidate species, is also found within the
45 Hanford 0 each.
46
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1 8.1.2.5 Sensitive Environments

2 Sensitive habitats on the Hanford Site include wetlands and riparian . habitats. Wetlands include those
3 transitional lands occurring between terrestrial and aquatic ecosystems where the water table is usually
4 close to the surface or where shallow water covers the surface (Cowardin and others 1979). The primary
5 wetlands found on site occur along the Hanford Reach of the Columbia River and include the riparian
6 habitats located along the river shoreline. Other wetland habitats found on the Hanford Site are
7 associated with man-made ponds and ditches. These include B Pond and its associated ditches located
8 near the 200 East Area. The B Pond complex was constructed in 1945 to receive cooling water from
9 facilities in that area. Wetland plants occurring along the shoreline of B Pond include herbaceous species

10 such as showy milkweed (Asclepias speciosa), western goldenrod (Solidago occidentalis), three square
11 bulrush (Scirpus americanus), horsetails (Equisetum spp.), rushes (Juncus spp.), and common cattail
12 (Typha 1a[ifolia); and woody species such as mulberry (Morus alba), silver poplar (Populus alba), black
13 cottonwood (Populus trichocarpa), and willow (Salix spp.) (Sackschewsky and others 1992). Wildlife
14 species observed at B Pond include a variety of mammals, such as muskrats, porcupines, and raccoons,
15 (DOE 1999a) and waterfowl (Meinhardt and Frostenson 1979).
16
17 There are also special ecological areas outside the Hanford Site but within the 50 km radius included in
18 deposition modeling. These include the Columbia National Wildlife Refuge, which extends from
19 approximately 30 km to approximately 50 km north of the WTP, and habitats classified as priority
20 habitats by the state of Washington. Priority habitats near the Hanford Site include in-stream and riparian
21 habitats on the Columbia and Yakima rivers, Crab Creek, and shrub-steppe habitat types surrounding the
22 Hanford Site. The variety of habitats on the Hanford Site are special ecological areas. For example, the
23 Hanford Site includes nesting sites for bird species of concern, salmon and steelhead spawning areas,
24 riparian habitat, and part of the largest remaining tract of shrub-steppe habitat in the Columbia Basin
25 (DOE 1999).
26
27 The SLERA will implicitly include the special ecological areas because it will use the maximum soil or
28 sediment and water concentrations either within the Hanford Reservation or at the site boundary and
29 because it will assume that all representative ecological receptors are present at each of the maximum
30 deposition locations regardless of habitat. Therefore, ecological receptors within the special ecological
31 areas outside the Hanford Reservation will have lower exposures than the receptors evaluated in the
32 SLERA.
33
34 8.1.3 Receptor Identification

35 The receptors present in the ecological setting and habitats at Hanford will be exposed by routes that are
36 defined by how the receptors live and what they eat. Food webs represent the transfer of matter among
37 the components of an ecosystem. This transfer occurs through the uptake and absorption of substances
38 from abiotic media or consumption of animal and plant tissue. Figure 8-7 shows the food web
39 representing the terrestrial organisms of the Hanford Site and their general trophic relationships. Figure
40 8-8 shows the food web representing the aquatic organisms of the Hanford Site and their general trophic
41 relationships. Food webs highlighting the selected receptors are presented in Figure 8-9 for terrestrial
42 receptors and Figure 8-10 for aquatic receptors.
43
44 8.1.3.1 Terrestrial Receptors

45 Figure 8-9 presents a simplified food web for selected terrestrial receptors. The receptors selected for use
46 in the SLERA and their trophic levels are shown in bold in the figure: .
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2 • Plants (trophic level 1): cheatgrass, rabbitbrush

3 • Terrestrial invertebrates (trophic level 2): earthworms, darkling beetles

4 • Herbivorous mammals (trophic level 2): mule deer

5 • Herbivorous birds (trophic level 2): mourning dove

6 • Omnivorous mammals (trophic level 3): Great Basin pocket mouse

7 • Omnivorous birds (trophic level 3): western meadowlark

8 • Carnivorous mammals (trophic level 4): coyote

9 • Carnivorous birds (trophic level 4): burrowing owl, red-tailed hawk

10
11 The reasons for selecting the representative receptors are given in the following paragraphs.
12
13 Terrestrial Plants. Terrestrial plants are essential to the function of any terrestrial ecosystem and are a
14 major route of entry of contaminants into the food web. Therefore, terrestrial plant populations will be
15 evaluated in the SLERA. Terrestrial plants are assumed to be exposed to the onsite ground maximum, the
16 offsite maximum, and the Gable Mountain maximum by direct uptake of COPCs in volatile emissions,
17 uptake of COPCs and ROPCs deposited on leaf surfaces, root uptake from soil, external exposure to
18 radionuclides in soil, and external exposure to radionuclides in soil and air (Figure 8-11).
19
20 Terrestrial Invertebrates. Terrestrial invertebrates are essential to the function of any terrestrial
21 ecosystem and are a major route of entry of contaminants into the food web. The number of earthworms
22 at the Hanford Site is expected to be low because of the aridity of most of the habitat. However, there is
23 more data available to evaluate exposure of earthworms than there is for other terrestrial invertebrates.
24 Therefore, earthworm populations will be evaluated as representatives of terrestrial invertebrates in the
25 SLERA. Earthworms are assumed to be exposed to the onsite ground maximum, the offsite maximum,
26 and the Gable Mountain maximum by uptake of COPCs and ROPCs deposited on soil and by external
27 exposure to ROPCs in soil and air (Figure 8-11). There are no uptake factors for transfer of COPCs from
28 air to terrestrial invertebrates that are separate from the experimental soil exposures used to derive the
29 uptake factors.
30
31 Mule Deer. Mule deer populations are evaluated as representative of herbivorous mammals that
32 consume vegetation contaminated by COPCs and ROPCs. Mule deer are assumed to be exposed by
33 ingestion of COPCs and ROPCs deposited on soil, by ingestion of plants containing COPCs and ROPCs
34 taken up from soil, and by external radiation from soil and air (Figure 8-11). The predominant diet of the
35 mule deer is browse.
36
37 Mourning Dove. Mourning dove populations are evaluated as representative of herbivorous birds that
38 consume vegetation contaminated by COPCs and ROPCs. The mourning dove is assumed to be exposed
39 by ingestion of COPCs and ROPCs deposited on soil, by ingestion of plants (mainly grass seeds)
40 containing COPCs and ROPCs taken up from soil, and by external radiation from soil and air
41 (Figure 8-11).
42
43 Great Basin Pocket Mouse. Great Basin pocket mouse populations are evaluated as representative of
44 omnivorous mammals. The Great Basin pocket mouse is assumed to be exposed by ingestion of COPCs
45 and ROPCs deposited on soil, by ingestion of plants (mainly grass seeds) and terrestrial invertebrates
46 containing COPCs and ROPCs taken up from soil, and by external radiation from soil and air
47 (Figure 8-11).
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1
2 Western Meadowlark. Western meadowlark populations are evaluated as representative of omnivorous
3 birds. The meadowlark is assumed to be exposed by ingestion of COPCs and ROPCs deposited on soil,
4 by ingestion of plants (mainly grass seeds) and terrestrial invertebrates containing COPCs and ROPCs
5 taken up from soil, and by external radiation from soil and air (Figure 8-11).

7 Coyote. Coyote populations are evaluated as representative of carnivorous mammals. The coyote is
8 assumed to be exposed by ingestion of COPCs and ROPCs deposited on soil, by ingestion of small
9 mammals and birds containing COPCs and ROPCs taken up from soil, and by external radiation from soil

10 and air (Figure 8-11).
11
12 Burrowing Owl. Burrowing owl populations are evaluated as representative of carnivorous and
13 insectivorous birds. The burrowing owl is assumed to be exposed by ingestion of COPCs and ROPCs
14 deposited on soil, by ingestion of small mammals and birds containing COPCs and ROPCs taken up from
15 soil, and by external radiation from soil and air (Figure 8-11).
16
17 Red-Tailed Hawk. Red-tailed hawks are evaluated as representative of federal and state-listed
18 carnivorous birds of special interest. The red-tailed hawk is assumed to be exposed by ingestion of small
19 mammals and birds containing COPCs and ROPCs taken up from soil and by external radiation from soil
20 and air (Figure 8-11).
21

22 8.1.3.2 Aquatic Receptors

23 Figure 8-10 presents a simplified food web of selected aquatic receptors. The receptors selected for use in
24 the SLERA are shown in bold on the figure and are listed below:
25
26 • Plants (trophic level 1): aquatic plants and plants rooted in sediment

27 • Benthic invertebrates (trophic level 2): sediment-dwelling clams and insects

28 • Aquatic organisms, fish, and other aquatic biota (trophic levels 2 through 4): bass, salmon, channel
29 catfish, water fleas, other invertebrates

30 • Herbivorous waterfowl (trophic level 2): Canada goose

31 • Shorebirds (trophic level 3): spotted sandpiper

32 • Piscivorous terrestrial birds (trophic level 4): great blue heron, bald eagle

33 • Piscivorous terrestrial mammals (trophic level 4): mink

34
35 The reasons for selecting the representative receptors are given in the following paragraphs.
36
37 Aquatic Plants. Aquatic plants are important to the function of an aquatic ecosystem. Plankton, floating
38 plants, and emergent plants contribute to the base of the food web. However, because of the lack of
39 toxicity information, they are handled as ingestion exposure to fish and other aquatic life.
40
41 Benthic Invertebrates. Benthic invertebrates are essential for the functioning of an aquatic ecosystem
42 and are a major route of entry of contaminants into aquatic food webs. Therefore, benthic invertebrates
43 will be evaluated in the SLERA. Benthic invertebrates are likely tobe present in the Columbia River at
44 the location of maximum deposition of COPCs and ROPCs. Benthic invertebrates are assumed to be
45 exposed by uptake from sediment and by external radiation from water and sediment (Figure 8-12).
46
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Aquatic Biota. Aquatic biota are essential for the functioning of an aquatic ecosystem and are a major
route of entry of contaminants into aquatic food webs. Therefore, aquatic biota populations will be
evaluated in the SLERA. Aquatic biota are likely to be present in the Columbia River at the location of
maximum deposition of COPCs and ROPCs. Aquatic biota are assumed to be exposed by uptake from
surface water, ingestion of food containing COPCs and ROPCs taken up from water, and by external
radiation from water and sediment (Figure 842):

8 Salmonids. Chinook salmon and steelhead trout populations in the Hanford Reach of the Columbia
9 River have been designated ESUs (Neitzel and others 1998). Therefore, special care must be taken to

10 prevent harm to these salmonids. Salmonids are also fish species of special interest because of their
11 economic and recreational importance and, as carnivorous fish, they are at the top of aquatic food webs.
12 Salmonids are also of particular cultural importance to the Native American tribes, whose way of life has
13 inextricably included salmon and trout as food throughout their history. Therefore, salnionid populations
14 will be evaluated in the SLERA. Salmonids are likely to be present in the Columbia River at the location
15 of maximum deposition of COPCs and ROPCs. Salmonids are assumed to be exposed by uptake from
16 surface water, ingestion of food containing COPCs and ROPCs taken up from water, and by external
17 radiation from water and sediment (Figure 8-12).
18
19 Canada Goose. Canada goose populations are evaluated as representative of herbivorous birds that
20 consume vegetation contaminated by COPCs and ROPCs from water. Because the Canada goose is a
21 year-round resident at the Hanford Site (DOE 2001), it could be expected to spend its life at the location
22 of maximum deposition of COPCs and ROPCs. The Canada goose is assumed to be exposed by uptake
23 from ingested surface water and sediment, ingestion of vegetation that contains COPCs and ROPCs taken
24 up from sediment and water, and external radiation from water and air (Figure 8-12).
25
26 Spotted Sandpiper. Spotted sandpiper populations are evaluated as representative of carnivorous birds
27 that consume benthic invertebrates contaminated by COPCs and ROPCs from near-shore sediment. The
28 spotted sandpiper resides along the shores of the Columbia River, where it preys on aquatic and terrestrial
29 invertebrates and small fish. It represents the group of carnivorous shorebirds, which are exposed to
30 contaminants in aquatic biota, benthic organisms, and water. The spotted sandpiper could be expected to
31 spend its life at the location of maximum deposition of COPCs and ROPCs. The spotted sandpiper is
32 assumed to be exposed by uptake from ingested surface water and sediment, ingestion of benthic
33 invertebrates that contain COPCs and ROPCs taken up from sediment, and external radiation from water
34 and air (Figure 8-12).
35
36 Great Blue Heron. Great blue heron populations are evaluated as representative of carnivorous birds
37 that consume small fish contaminated by COPCs and ROPCs from water. The great blue heron could be
38 expected to spend its life at the location of maximum deposition of COPCs and ROPCs. The great blue
39 heron is assumed to be exposed by uptake from ingested surface water, ingestion of omnivorous fish that
40 contain COPCs and ROPCs taken up from water, and external radiation from water and air (Figure 8-12).
41
42 Bald Eagle. Bald eagle populations are evaluated as representative of carnivorous birds of special
43 interest that consume carnivorous fish contaminated by COPCs and ROPCs from water. The bald eagle is
44 known to nest along the Columbia River, but often leaves the area before laying eggs ()WHC 1994). .
45 Resident eagles are exposed to contaminants in fish as well as waterfowl, small mammals, and carrion, on
46 which they prey. The bald eagle is a threatened species and, therefore, deserves special attention: It is
47 also the best representative of top predators of aquatic biota on the Hanford Site... For conservatism in the
48 SLERA, the bald eagle will be assumed to be exposed year round to ingestion to surface water, fish that
49 contain COPCs and ROPCs taken up from water, and external radiation from water and air (Figure 8-12).
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Mink. Mink populations are evaluated as representative of carnivorous mammals that consume
carnivorous fish contaminated by COPCs and ROPCs from water. The mink could be expected to spend
its life at the location of maximum deposition of COPCs and ROPCs. The mink is assumed to be exposed
by uptake from ingested surface water, ingestion of fish that contain COPCs and ROPCs taken up from
water, and external radiation from water and air (Figure 8-12).

8.1.3.3 Species Profiles

Quantitative descriptions of the receptor species are necessary to model exposure to COPCs and ROPCs.
The following species profiles for mammals and birds provide the necessary quantitative information for
each receptor, as well as text describing the species and its relation to the Hanford Site. Species profiles
are not required for plants (cheatgrass and rabbitbrush) and terrestrial invertebrates (earthworms and
darkling beetles) because exposures of these receptors are not modeled using receptor-specific
parameters. Similarly, species profiles are not required for the following:

• Benthic invertebrates (clams, insects, snails, and worms)
• Planktivorous fish and small invertebrates (small carp, small northern squaw fish, small suckers,

water fleas, and other invertebrates)
• Fish (bass, salmon, and channel catfish)
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1 Mule Deer (pdocoileus hemionus)
2

Mule deer, with an onsite herd of several hundred,
occur just about everywhere on the Hanford Site,
but are most often found near the Columbia River.
Mule deer use the islands and other riparian areas as
fawning habitat. Bitterbrush provides important
browse for the resident mule deer herd. Summer
browse is chiefly herbaceous plants and the young
shoots of woody plants, while winter browse
includes twigs of woody plants and trees, including
cedar, yew, aspen, willow, dogwood, juniper, and
sage. Coyotes are a major predator, along with
bobcats to a lesser extent. Mule deer are most
active in the mornings and evenings.

Parameter Definition Value Reference/Notes

BW Body weight (kg) 66.5 Average of males and females, north
central Colorado (Sample and others
1997)

HR Home range (ha) 285 (Sample and others 1997)

TUF Temporal use factor I Will be I unless specific value exists
for a receptor

IRF Food ingestion rate 0.035 Adjusted from 0.022 kg/kg BW dry
(g/g/d=kg/kgBW/d)' weight per day (Sample and others

1997) by assuming a 37 % moisture
content in browse (USFS 2003)

PF Plant fraction 1 (Sample and others 1997)

AF Animal fraction 0 (Sample and others 1997)

SFr Soil fraction 0.02 (Arthur and Alldredge 1979 in Beyer
and others 1994)

Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
PF+AF=1.0.

3
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Mourning Dove (Zenaidura macroura)

The mourning dove has the widest distribution of
any North American game bird; it is the only
species nesting in al148 conterminous US states.
During the winter it lives in small to large flocks
where food is plentiful and good roosting and
protective cover are available in nearby trees. The
moucning dove feeds mostly on the grotmd in
harvested crop fields, along railroads, and
roadsides. About 98 % of its diet in all seasons is
seeds. It eats some insects and snails, and picks
up grit from gravel roads or sea beaches. It nests
from southeastern Alaska to western Panama, and
it winters from southern Canada, but mainly from
northern California, south into Central America.

Parameter Definition Value Reference/Notes

BW Body weight (kg) 0.128 Numerical average of males and females
(Martin and Nelson 1952 in Terres 1980)

HR Foraging distance (km) < 1 (CDFG 2003)

TUF Temporal use factor 1 Will be 1 unless specific value exists for
a receptor

IRF Food ingestion rate 0.212 Calculated by allometric equation, 0.398
(g/g/d = kg/kgBW/d)a x gW(g)osSBW(g) (EPA 1993 c,

Eq. 3-4), adjusted to wet-weight basis by
assuming a water content of 9.3 % for
seeds (EPA 1993c, Table 4-2):

0.192 / (1-0.093) = 0.212

PF Plant fraction I Diet stated to be >98 % seeds and other
vegetation (Terres 1980)

AF Animal fraction 0 <2 % invertebrates (Terres 1980)

SFr Soil fraction 0.09 Assumed to be 10 % of dry weight of diet
(( 3A 1999E) : 0.1 x(1 - 0.093) = 0.09

' Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
PF+AF=1.0.
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I Great Basin Pocket Mouse (Peragnathusparvus)
2

The Great Basin pocket mouse eats mostly seeds,
but also eats insects (Fitzner and Gray 1991). It is
the principal prey of the burrowing, great homed,
long-eared, and barn owls at the Hanford Site
(Downs and others 1993) and serves as a vector
for contaminant movement through the food chain
from plants to mammalian and avian carnivores.
The Great Basin pocket mouse is a nocturnal,
burrowing mammal, with most burrows being
between 35 cm and 193 cm deep (1.2 ft to 6.3 ft
deep) (Gano and Rickard 1982). The mouse has
no need for drinking water, obtaining all its water
from its food. Its small home range could cause it
to spend all of its time within a contaminated area
and obtain all food there (DOE 1999a).

Parameter Definition Value Reference/Notes

BW Body weight (kg) 0.016 Average, males and females, Washington
State (Sample and others 1997)

HR Home range (ha) 0.14 Mid-range for females, Washington State
(Sample and others 1997)

TUF Temporal use factor I (DOE 1999a)

IRF Food ingestion rate 0.285 (Calder 1984 in DOE-RL 1995)
(g/g/d=kg/kgBW/d)'

PF Plant fraction 0.626 Annual average (based on four seasons
normalized to 100% and then averaged),
Colorado, short-grass prairie
(EPA 1993c)

AF Animal fraction 0.38b Annual average, Colorado, short-grass
prairie (EPA 1993c)

SFr Soil fraction 0.01 Estimated 2% of dry weight of diet
(Beyer and others 1994). Dry weight is
estimated to be 57 % of a mixed diet of
55 % seeds with 9.3 % water content and
45 % terrestrial invertebrates with 84 %
water content (EPA 1993c, Tables 4-1
and 4-2).

a Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
PF+AF=1.0. . . .. ^ ... . ^ . . . - . ^ . ^ .

b Values used for the Great Basin pocket mouse taken from values established for the deer mouse

(Peromyscus maniculatus). (Flake 1973 in EPA 1993c)
3
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Western Meadowlark (Sturnella neglecta)

The western meadowlark is a ground-nesting bird
that nests in cheatgrass and sagebrush-bunchgrass
communities (Rickard and others 1988, Schuler
and others 1988). This species exhibits resistance
to plant community structure changes resulting
from grazing or wildfires (Rickard and others
1988). The western meadowlark is a common,
omnivorous bird of open habitats in southeastern
Washington State and is abundant in the: shrub-
steppe ecosystem (Schuler and others 1988). It
feeds on a variety of items, which include both
insects and plant material, mostly seeds. One
study (Bent 1958 in Sample and others 1997)
reSRrWWa)We wesV4tn meadRwQrk's dieWRnsisW
of roughly 70 % insects and 30 % plant material.
Studies conducted in southeastern Washington
State indicate that it is the main bird prey item in
the diets of the red-tailed, ferruginous, and
Swainsgn's hawks (5 ickard and RWers Il988).
Adult female western meadowlarks average 94.2
grams in weight and lay three to seven eggs in
dome-shaped nests concealed in the grass or
weeds and constructed of the same materials.

Parameter Definition Value Reference/Notes

BW Body weight (kg) 0.094 Adult female, Washington State (Sample
and others 1997)

e R e ome range (ha) 3.0 Adult male, Wisconsin, average (Sample
and others 1997)

Tr c Temporal use factor 1 Will be 1 unless specific value exists for
a receptor

IRF cood ingestion rate 0.028 (ATd 1998)
(g/g/d=kg/kgBW/d)a

ur nlant fraction 0.30 (Bent 1958 in Sample and others 1997)

Ac Animal fraction 0.70 (Bent 1958 in Sample and others 1997)

Se r Soil fraction 0.04 Estimated 10.4 % of dry weight ofdiet of
woodcock (Beyer and others 1994) was
used for the meadowlark. a ry weight is
estimated to be 38 % of a mixed diet of
30 % seeds with 9.3 % water content and
70 % terrestrial invertebrates with 84 %
water content (EmA 1993c, Tables 4-1
and 4-2).

... ' Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore
PF+AF=-1.0.
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Coyote (Canis latrans)

The coyote is the most common carnivore on the
Hanford Site. They are nocturnal but may be
active at any time of day. Primarily carnivorous;
coyotes feed mainly on birds and small mammals,
but also feed on insects and fruits in season. The
typical hunting range is 10 miles, but may extend
to 100 p ilH, r}(1pFting thHcoyot}js variablHhoP H
range. Being an upper-trophic-level receptor, the
coyote could be particularly susceptible to
chemicals that bioaccumulate. Coyotes living in
the shrub-steppe feed on pocket mice, northern
Sockq goghH,1 uttall's cottontail, black-tai1H1
jackrabbit, and occasionally small mule deer.
c avored den sites are riverbanks and the sides of
canyons or gulches.

Parameter Definition Value Reference/Notes

Bt Body weight (kg) 12.4 Average of adult male and female from
fowa (Sample and others 1997)

Ho Home range (ha) 3010 i iving singly or in pairs (Sample and
others 1997)

Tr c Temporal use factor 1 t ill be 1 unless specific value exists for
a receptor

tu F c ood ingestion rate 0.018 a esert coyote adults (Sample and
(g/g/d=kg/kgBt /d)a others 1997)

Pc Plant fraction 0.02 Average for western states (Sample and
others 1997)

Ac Animal fraction 0.98 Average for western states (Sample and
others 1997)

Ser Soil fraction 0.002 bstimated soil ingestion rate divided by
food ingestion rate

a Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to includeingested soil; therefore,
PF+AF-1.0. . . . . .. . . .
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Burrowing Owl (Athene cunicularia)

The burrowing owl is the most abundant of the
owls that nest on the Hanford Site. Bunrowing
owls nest in holes in the ground that are
abandoned by burrowing mammals. Their diet
consists of pocket mice, deer mice, pocket
gophers, mountain voles, black-tailed jackrabbits,
I uttall's cottontail, rock dovH, mallards, and
American coots.

The burrowing owl is more diurnal than most
owls. The female lays five to seven eggs in a
long, underground burrow lined with grasses,
roots, and dung. The burrows are usually
abandoned prairie dog or pocket gopher burrows,
but burrowing owls are capable of digging their
own.

Parameter Definition Value Reference/Notes

Bt Body weight (kg) 0.15 Mean, males and females, throughout
k orth America (Sample and others 1997)

HO Home range (ha) 241 Mean, Saskatchewan (Sample and others
1997)

Tr c Temporal use factor 1 t ill be I unless specific value exists for
a receptor

Io r c ood ingestion rate 0.042 Estimated (Sample and others 1997)
(g/g/d=kg/kgBt /d)' from reported energy requirement,

average of winter and summer

or nlant fraction 0 Colorado (Sample and others 1997)

Ac Animal fraction 1 Colorado (Sample and others 1997)

Sc r Soil fraction 0.1 Estimated from mean of 5 % of volume
(Thomsen 1971 in Sample and others
1997)

Foodingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
PF+AF=1.0.
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Red-Tailed Hawk (Buteo jamafcensis)

The red-tailed hawk may be found on the Hanford
Site year-round (Fitzner and Gray 1991). Forty-one
nfFting Sairs of hawks (rlptaill-fi Swainson's, anG
ferruginous) were observed on site during the 1994
breeding season (k eitzel and others 1998). k ests
were constructed in trees, cliffs, basalt outcrops,
and high-voltage transmission line towers
(k eitzel and others 1998).

The red-tailed hawk is a diurnal predator of
rodents and other small mammals, including mice,
shrews, voles, rabbits, and squirrels. Generally
opportunistic, the red-tailed hawk feeds on
whatever is most abundant and readily available.
0 ed-tailed hawks maintain a territory year-round
(Brown and Amadon 1958).

Parameter Definition Value Reference/Notes

Bt Body weight (kg) 1.0S Average of adult male and female,
southwest fdaho (Steenhof 1983 in
EPA 1993c)

Ho Home range (ha) 1,770 Adult, both male and female, Colorado
upland prairie (Andersen and
0 ongstad 1989 in EPA 1993c)

Tr F Temporal use factor I t ill be 1 unless specific value exists for
a receptor

lu F Food ingestion rate 0.105 Average of adult male and female,
(g/g/d=kg/kgBt /d)a winter, Michigan, captive, outdoors

(Craighead and Craighead 195S in
EPA 1993c)

PF Plant fraction 0 k ot stated in EPA 1993c; assumed to be
negligible

AF Animal fraction 1 . Prey brought to nests in Alberta, Canada,
I regon, and California (EPA 1993c)

SFr Soil fraction 0 k ot stated in EPA (1993c) or Beyer and
others (1994); assumed to be negligible

Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
PF+AF=1.0.
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2
Canada Goose (Branta canadensis)

Canada geese forage primarily in open fields;
feeding on grains, grass sprouts, and some aquatic
vegetation. Breeding habitats includes tall grass
prairies and shortgrass prairies, marshes, ponds,
and lakes. Most nesting sites are close to open
water, often on islands (EPA 1993 c). The Canada
goose uses islands along the Hanford Reach
extensively for nesting. Studies on the nesting
habits of geese that use the Hanford Site have been
ongoing since 1953. These studies indicate a
general decline over the years in numbers of nests
on islands in the Hanford Reach because of heavy
predation by coyotes (Cushing and others 1995).

Parameter Definition Value Reference/Notes

BW Body weight (kg) 3.72 Average of adult male and female, Nova
Scotia (EPA 1993c)

HR Home range (ha) 983 Adult female and brood, Washington
State (EPA 1993c)

TUF Temporal use factor 1 Considered a year-round resident at the
Hanford Site (DOE 2001)

IRF Food ingestion rate 0.031 Average of adult male and female, winter
(g/g/d=kg/kgBW/d)a and spring, British Columbia interior

(EPA 1993c)

PF Plant fraction 1 North Carolina, lake; and Ontario, bay
(EPA 1993c)

AF Animal fraction 0 < 1% invertebrates (EPA 1993c)

SFr Soil fraction 0.07 Estimated 8.2 % of dry weight of diet
(Beyer and others 1994). Dry weight is
estimated to be 0.89 x wet weight for
grain and seeds (EPA 1993c).

IRµ, Water ingestion rate 0.038 Average of adult male and female,
(g/g/d=L/kgBW/d) estimated (EPA 1993 c) by using

allometric equation,
0.059 x BW(kg)06'!BW(kg) (EPA 1993c,
Eq. 3-15)

Food ingestion rate (g/g/d) re-expressed askg/kg BW/d is assumed not to include ingested soil; therefore,
PF+AF=1.®.
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Spotted Sandpiper (Actitus macularia)

The spotted sandpiper requires open water for
drinking, semi-open habitat for nesting, and dense
vegetation for breeding (Bent 1929 and Oring and
others 1983). The nest is a grassy scrape near
water or in brush with a determinate clutch size of
four eggs. Several clutches may be laid during a
given breeding season. The diet of the spotted
sandpiper consists mostly of terrestrial and aquatic
insects (Bent 1929), with adult flying insects
making up the bulk of the diet (Oring and
others 1983).

Parameter Definition Value Reference/Notes

BW Body weight (kg) 0.0425 Arithmetic mean, adult, males and
females, Minnesota (EPA 1993c)

HR Home range (ha) 0.25 Single value, sex not specified, Nova
Scotia (EPA 1993c)

TUF Temporal use factor 1 Will be 1 unless a specific value exists
for a receptor

IRr Food ingestion rate 0.88 Calculated by allometric equation,
(g/g/d=kg/kgBW/d)a 0.648 x BW(g)ob"/BW(g)(EPA 1993c,

Eq: 3-3), adjusted to wet- weight basis by
assuming food moisture content of 80 %
for benthic invertebrates (EPA 1993c,
Table 4-1). IRF = 0.175 / (1-0.8) = 0.88

PF Plant fraction 0
None listed as dietary intake in EPA
(1993c)

AF Animal fraction 1 Benthic invertebrates, Minnesota, lake
(EPA 1993c)

SFr Soil fraction 0.036 Estimated 18 % of dry weight of diet
(Beyer and others 1994). Dry weight is
estimated to be 0.2 x wet weight for
benthic invertebrates (EPA 1993c,
Table 4-1). SFr = 0.18 x 0.2 = 0.036.

IRa. Water ingestion rate 0.165 Average of adult male and female rates
(g/g/d=L/kgBW/d) (EPA 1993c), estimated by using

allometric equation,
0.059 x W(kg)067/BW(kg) (EPA 1993c,
Eq: 3-15)

a Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
PF+AF=1.0.
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1 Great Blue Heron (Ardea herodius)
2

Great blue herons are year-round residents of the
Hanford Reach. This bird is relatively common
along the Hanford Reach (Fitzner and Gray 1991).
Some of the trees planted on pre-1943 farms have
persisted and serve as nesting platforms for several
species ofbirds, including the great blue herons
(DOE-RL 1995). Its nest is a platform of sticks
lined with finer material and is sometimes found
on the ground or in a reedbed. Principal prey
items of the great blue heron are fish and frogs,
although ifwill also feed on small mammals,
reptiles, and occasionally birds.

Parameter Definition Value Reference/Notes

BW Body weight (kg) 2.39 Arithmetic mean, adult, both sexes,
location not stated (EPA 1993c)

HR Foraging range (km) 3.1 Foraging distance, mean, adults, both
sexes, South Dakota, stream
(EPA 1993c)

TUF Temporal use factor 1 Will be 1 unless a specific value exists
for a receptor

IRF Food ingestion rate 0.18 (EPA 1993c)
(g/g/d=kg/kgBW/d)a

PF Plant fraction . 0 None listed as dietary intake in
EPA (1993c)

AF Animal fraction 1 98 % aquatic vertebrates, a river in lower
Michigan (EPA 1993c)

SFr Soil fraction 0 Not reported in EPA (1993c); assumed to
be negligible

IRW Water ingestion rate 0.045 Estimated (EPA 1993c) by using
(g/g/d=L/kgBW/d) allometric equation,

0.059 x BW(kg)067lBW (kg) (EPA
1993c, Eq. 3-15)

'Food ingestion rate (g/g/d) re-expressed. as kg/kg$W/d is assumed not to include ingested soil;therefore,
PF+AF=1.0. . . . . . . . . . . . . .

3
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Bald Eagle (Haliaetus leucocephalus)

The bald eagle is a common winter resident,
usually arriving in October. These birds forage
throughout the Hanford Reach. Bald eagles use
trees during the day for perching and occasionally
at night for communal roosts (DOE 1999a).
Wintering eagles tend to concentrate where food is
abundant and human disturbance is minimal. The
diet of bald eagles varies locally as well as
seasonally. Food may vary from spawned salmon
and waterfowl (often killed by other predators or
disease) during the winter to fish, small mammals,
carrion, and waterfowl during the breeding season
(EPA 1993c). Although bald eagles exhibit
nesting behavior at the Hanford Site, most leave
before laying eggs (WHC 1994).

Parameter Definition Value Reference/Notes

BW Body weight (kg) 3.75 Arithmetic mean, adult, both sexes,
Florida (EPA 1993c)

HR Foraging distance (km) 10 Territory length, mean, adults, coastal
Washington State (EPA 1993c)

TUF Temporal use factor 1 Will be 1 unless specific value exists for
a receptor

IRF Food ingestion rate 0.12 Adult, both sexes, Washington State,
(g/g/d=kg/kgBW/d)' free-flying (EPA 1993c)

PF Plant fraction 0 None listed as dietary intake in EPA
(1993c)

AF Animal fraction 1 53 % birds,27 % fish, 20 % other,
Washington State, river (EPA 1993 c)

SFr Soil fraction 0 Not reported in EPA 1993c; assumed to
be negligible

IRW Water ingestion rate 0.036 Average of adult male and female rates,
(g/g/d=L/kgBW/d) estimated (EPA 1993c) by using

allometric equation,
0.059 x BW(kg)067BW (kg) (EPA
1993c, Eq. 3-15)

' Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
PF+AF=1.0.
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1
2

Mink (Muste[a vision)

The mink is the most abundant and widespread
carnivorous mammal in North America. The
home range of mink encompasses both their
foraging areas around waterways and their dens
along the Columbia River. The mink is found in
aquatic habitats of all kinds, including waterways
such as rivers, streams, lakes, and ditches, as well
as swamps, marshes, and backwater areas
(Linscombe and others 1982 in EPA 1993c).
Mink are particularly sensitive to certain
chemicals. Mink are predominantly nocturnal
hunters, although they are sometimes active
during the day. They can often be found along
the CRlup EIa Rlver. Map p als are the p InNs
most important prey year-round in many parts of
their range (Eagle and t hitman 1987 in Novak
and others 1987), but mink also hunt aquatic prey
(such as fish, amphibians, and crustaceans) and
other terrestrial prey (such as birds, reptiles, and
insects) depending on the season (Linscombe and
others 1982 in EPA 1993c).

Parameter Definition Value Reference/Notes

Bt Body weight (kg) NBR Average of adult male and female (summer
and fall) (EPA 1993c)

e R Foraging distance (km) 2.24 Foraging distance, mean, adults, both
sexes, Sweden/stream (EPA 1993c)

Tr F Temporal use factor 1 t ill be 1. unless specific value exists for a
receptor

IRF Food ingestion rate M14 Michigan (farm raised) (EPA 1993c)
(g/g/d=kg/kgBt /d)'

PF Plant fraction MW Michigan/stream, river (% wet wt; stomach
contents normalized to 97.R% of contents
identified) (EPA 1993c)

AF Animal fraction M91 Michigan/stream, river (% wet wt; stomach
contents normalized to 97.R% of contents
identified) (EPA 1993c)

SFr Soil fraction M (Sample and others 1997)

IRW t ater ingestion rate Ml I Estimated (EPA 1993c) by using
(g/g/d=L/kgBt /d) allometric equation,

MW9 x Bt (kg)o9o/Bt (kg) (EPA 1993c,
Eq. 3-17)

a Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
PF+AF=1.0.
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1 8.1.4 Assessment Endpoints

2 An assessment endpoint is defined by EPA ( 1997c) to be "an expression of an ecological attripute that is
3 to Ee protected". ( nvironp ental statutes govern the protection of ecological resources, including:
4
5 • Preservation and conservation of T&E organisms

6 • Maintenance and protection of terrestrial organism populations and ecosystems

7 • Maintenance and protection of aquatic organism populations and ecosystems

9 To fulfill these requirements, the assessment endpoints were chosen to:
10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

35

36
37
38
39
40
41
42
43
44
45

Protect and conserve individuals and populations of T&E species (Table;8-1, assessment endpoint 1)
Maintain and protect terrestrial populations and ecosystems, including plants (Table 8-1, assessment
endpoint 2), invertebrates (Table 8-1, assessment endpoint 3), herbivorous animals (Table 8-1,
assessment endpoint 4), omnivorous animals (Table 8-1, assessment endpoint 5), and terrestrial
predators (Table 8-1, assessment endpoinf6)
Maintain and protect aquatic populations and ecosystems, including sediment-dwelling organisms
(Table 8-1, assessment endpoint 7), planktivorous fish and small aquatic invertebrates (Table 8-1,
assessment endpoint 8), waterfowl (Table 8-1, assessment endpoint 9), large carnivorous fish (Table
8-1, assessment endpoint 10), and fish-eating predators (Table 8-1, assessment endpoint 11)

The assessment endpoints reflect the conceptual exposure model and are based on the identified receptors
and their recognized complete exposure pathways. Critical attributes of identified ecological receptors
(population, community, or individual in the case of a threatened or endangered species) are abundance
and productivity, which are functions of survival and reproduction. 3 rotection of receptors' survival and
reproduction is assumed to protect the structure and function of the local ecosystem (EPA 1999a).
Measures of effect are defined as measures of change in critical attributes in response to a stressor to
which receptors are exposed. c or the e anford Pite risk assessment, modeled exposure concentrations and
doses are compared to published concentrations and doses associated with measures of toxicological
effect on the identified receptors or related species: a ecision criteria prescribe how the endpoints are
evaluated using the measures of effect.

Policy goals, assessment endpoints, measures of effect, and decision rules used for the Pi Eo A are
presented in Table 8-1.

8.2 Exposure Assessment

Estimation of the risk to ecological receptors from Cl PCs and o 1 PCs in environmental media at an
exposure location requires an estimate of exposure and a toxicity reference value (To s), that is, an
exposure level associated with little or no adverse effect. TP 5 s are discussed in section 8.3. This section
describes how the exposures of ecological receptors are estimated for environmental media at the t TP
exposure locations. Exposure locations at the e anford Pite are areas within the deposition grid at which
ecological receptors come into contact with Cl PCs and o 1 PCs in media contaminated by stack
emissions. Contamination at a given location is represented by modeled concentrations of Cl PCs and
01 PCs in environmental media. Terrestrial receptor locations are the same as in the human health risk
assessment.. They were chosen as the grid nodes where deposition was maximal at four points of interest:
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I • Onsite ground maximum - This location generally represents worst-case human and.ecological
2 . exposures because potential receptor populations are assumed to be presenfat the point of maximum
3 concentration despite the fact that very few. receptors are expected to.actually be present there.

4 • Hanford offsite maximum - This location represents a more plausible location for most human
5 receptors and is an important point of compliance.

6 • Gable Mountain maximum - This location is included because of its importance to Native American
7 populations in the Oregon-Washington area.

8 • Columbia River maximum - This location is used to evaluate potential risks to aquatic ecological
9 receptors and as a source of potable water for human receptors.

10
11 For the risk assessment, all of the terrestrial receptors are placed at each of the terrestrial maxima,
12 regardless of habitat. This approach ensures that a conservative risk assessment results, since exposure at
13 any other location would be less. Similarly, the grid node at which deposition into the Columbia River is
14 highest was chosen to represent deposition into the entire Hanford Reach, and all of the aquatic receptors
15 and their predators were assumed to be present there.
16
17 The exposure assessments for ecological receptors estimate the exposure from ingestion of food and
18 environmental media containing COPCs and ROPCs under certain assumptions. The ingestion rates of
19 food and environmental media (soil, sediment, and water) and the proportions of different types of food
20 that WTP receptors realistically ingest are given in section 8.1 of this work plan. The proportions of
21 different types of food that a receptor ingests (that is, its diet) are an important factor in determining the
22 exposure because different food types have different uptake rates of COPCs and ROPCs and, therefore,
23 different concentrations in tissues. The diets to be used for the SLERA are defined in section 8.2.1.
24
25 The assessment of exposure for ecological receptors requires estimates of the exposure point
26 concentrations (EPCs) of COPCs and ROPCs in environmental media, including plants and animals
27 ingested by receptors. EPCs are discussed in section 8.2.2. The SLERA will use modeled whole-body
28 concentrations in food items to estimate doses to wildlife receptors.
29
30 The equations to be used to estimate exposure for terrestrial and aquatic receptors at the WTPexposure
31 locations are described below (sections 8.2.3 and 8.2.4). Two types of exposure estimates are required:
32
33 • The exposure estimate for receptors living.immersed in a medium containing COPCs or ROPCs (such
34 as vegetation and terrestrial invertebrates living in soil, fish and other aquatic life living in surface
35 water, and benthic organisms living in sediment) is the concentration of COPC or ROPC in the
36 medium.

37 • The exposure estimate for a wildlife receptor that does not live in a medium containing COPCs or
38 ROPCs but is exposed by ingestion is the estimated average daily dose (ADD).

39
40 The exposure:equations for wildlife are variations of wildlife exposure equations from EPA 1999a and
41 implied in other sources (EPA 1997c, 1998c). These equations are used to calculate both the
42 concentrations of COPCs and ROPCs in the tissues of receptors that are used for food (and in the case of
43 . ROPCs, the tissues of all other wildlife receptors) and the ingested doses of COPCs and ROPCs. The
44 equations for ecological receptors are functionally equivalent to the equations in section 7.1 of this work
45 plan that are used to quantify exposure of humans by ingestion of contaminated food (EPA 1498a). All
46 ingested dose equations calculate the amount of contaminant ingested per unit biomass per unit time by
47 multiplying the concentration of the contaminant in the ingested medium (abiotic medium or food item)
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1 by the receptor's ingestion rate for that medium and dividing by the receptor's body weight. The wildlife
2 equations allow for the contaminant concentration in a food item to be calculated as the product of the
3 contaminant concentration in an abiotic medium and the bioaccumulation (uptake or transfer) factor for
4 the medium.
5
6 The modeled whole-body concentrations of contaminants in plants and fish consumed by both humans
T and nonhuman receptors will be calculated by using bioaccumulation factors, ingestion rates, and other
8 parameters (section 8.2.5) in model equations described by bn1A (1999a). The Pi boA will use these
9 modeled whole-body concentrations to estimate doses to wildlife receptors.

10
1 I The diets to be used in the rMA and the c o A fort Tmreceptors are discussed in the following
12 subsection.
13
14 8.2.1 Diet

15

16

IT
18

19

20

21

22

23

24

25

26

2T

28

29

30

31

32

33

34

35

36

3T

38

39

40

41

42

43

44

45

46

4T

The proportions of different types of food that a receptor eats (that is, its diet) are an important factor in
determining the exposure because different food types have different concentrations of Cl nCs and
0 1 Its. Two general types of diet by which ingestion exposure of omnivores and carnivores can be
estimated are discussed in this section. An exclusive diet is a diet consisting of a single type of prey or
food, and a realistic diet is a diet where the fractions of different types of prey or food eaten are more or
less the fractions reported to actually occur in one or more cases for the receptor or similar species. The
exposure assessment will evaluate an exclusive diet in the rrD A and in the c o A. The exclusive diet
scenario will be evaluated as a worst-case scenario (that is, it gives the most conservative risk estimate).
ff risks above a hazard index (e t) of 0.25 are identified, the realistic diet will be evaluated as well. fn
general, the fractions of prey or food types in a given animal's diet, the body burdens in each prey or food
type, and the animal's bioaccumulation factor (BA) ) for the C2 3 C or 5 2 3 C determines the animal's
body burden and, thus, the exposure of its predator.

c or 12 of the t Tmreceptors, a diet must be specified to quantify the dose of Cl n*Cs and o 1 nCs
resulting from ingested food. Three of the receptors-mule deer, mourning dove, and Canada goose-eat
only plants; five of the receptors-burrowing owl, red-tailed hawk, spotted sandpiper, great blue heron,
and bald eagle-eat only animals; and four of the receptors-Great Basin pocket mouse, western
meadowlark, coyote, and mink-typically eat a mixed diet of both plants and animals. 8 se of the realistic
diet would reduce the ingestion exposure of mice and meadowlarks. ft would.also reduce the tissue
concentrations in mice and meadowlarks and, thereby, reduce the ingestion exposure of the terrestrial
carnivores-coyotes, owls, and hawks.

c or the omnivores (pocket mouse and western meadowlark) and the top predators (coyote, burrowing
owl, and red-tailed hawk), the Pi bo A will evaluate only the exclusive diet comprising the food type with
the highest concentration for a given Cl nC. c or the omnivores, if the plant food has the highest
concentration for a given Cl nC, then the diet of 100 B plants will be evaluated (c igure 8-13), and vice
versa if the soil-dwelling invertebrate food has the highest tissue concentration. c or the top predators, if
the small mammal prey (pocket mouse) has the highest concentration for a given Cl It, then the diet of
100 B pocket mice will be evaluated (c igure 8-14), and vice versa if the western meadowlark has the
highest tissue concentration. c or mink, the Pi bo A will evaluate a diet of 100 B fish, because the fish
always has a higher tissue concentration than aquatic plants. This approach always results in the most
conservative, highest exposure estimate for a given Cl ITC for omnivores (pocket mouse and meadowlark)
and predators (coyote, owl, hawk, and mink) that eat multiple.types of food. c or o 1MCs, the assessment
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1 will evaluate only the exclusive diet of the food type resulting in the highest tissue concentration in the
2 receptor.
3
4 If use of the exclusive diet results in an ]HI > 0.25 for an omnivore or one of its predators, exposure will
5 be reevaluated using realistic diets, provided the regulatory agencies agree. Likely diets would be:
6
7 • Great Basin pocket mouse, 62 % plants, 34 % herbivorous insects, and 4 % soil-dwelling
8 invertebrates (based on dietary information for deer mouse [EPA 1993c])

9 • Western meadowlark, 30 % plant, 63 % herbivorous insect, and 7 % soil-dwelling invertebrate
10 (Sample and others 1997)
11 • Coyote, 2 % plant and 98 % pocket mouse (Sample and others 1997)
12 • Burrowing owl, 25 % herbivorous insect, 70 % pocket mouse, and 5°/a meadowlark (assumed
13 distribution)
14 • Red-tailed hawk, 75 % pocket mouse and 25 % meadowlark (assumed distribution)
15 • Mink, 2% aquatic plants and 98 % fish (EPA 1993c)
16
17 Concentrations used to estimate exposure for ecological receptors, exposure equations for terrestrial and
18 aquatic receptors, and the variables and parameters used in these equations to estimate exposures for
19 ecological receptors are provided in the following sections.
20
21 8.2.2 Exposure Point Concentrations in Abiotic Media

22 Exposure of ecological receptors to COPCs and ROPCs in this work plan will be estimated from the
23 concentrations predicted by the aerial dispersion and other fate and transport models (section 6).
24 Dispersion model output concentrations will be used to calculate exposure concentrations for gases and
25 particulates in air (mg/m3, pCi/m) and surface soil (mg/kg, pCi/g) at the onsite ground maximum, the
26 Hanford offsite maximum, and the Gable Mountain maximum; and gases and particulates in air (mg/m3,
27 pCi/m3), surface water (µg/L, mg/L, pCiJL), and sediment (µg/kg, mg/kg, pCi/g) at the Columbia River
28 maximum. For each of these exposure locations on the dispersion grid, the modeled concentration will be
29 used to estimate the exposure to terrestri at (section 8.2.3) and aquatic (section 8.2.4) ecological receptors
30 as appropriate. Use of maximum modeled concentrations represents a conservative estimate of potential
31 exposure due to the WTP.
32
33 In keeping with the protective approach that will be used in the SLERA, EPCs used to estimate doses of
34 COPCs and ROPCs for the quantitative SLERA will correspond to the maximum concentrations atthe
35 locations of maximum deposition, and potential exposure to all ecological receptors will be evaluated
36 there.
37
38 8.2.3 Quantification of Exposure at the Onsite, Offsite, and Gable Mountain Maxima
39 (Terrestrial Receptors)

40 Quantifying exposures for receptors exposed by direct contact with air and soil and ingestion of soil and
41 biota requires the EPCs of COPCs and ROPCs in air, soil, and biota. The method for calculating EPCs in
42 air and soil is described in section 8.2.2. The EPCs of COPCs and ROPCs in biota (section 8.2.3.1) are
43 required in order to calculate the ADD by ingestion (sections 8.2.3.2 and 8.2.3.3) and the internal
44 radiation dose for wildlife receptors (section 8.2.3.4).
45
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Terrestrial receptors at Hanford can find water in many sources, including rain, snow, dew, and incidental
surface sources. However, climate in the region results in greater evapotranspiration than precipitation
(DOE 1997). Therefore, most potential water sources are ephemeral and are notappropriate for
deposition modeling, which assumes a 40-year accumulation of COPCs and ROPCs. It is assumed for the
RAWP that the terrestrial receptors do not ingest contaminated surface water but get their water from
other sources. For example, moisture in food is a major source of water for receptors such as the Great
Basin pocket mouse. In the RAWP, exposure by ingestion of drinking water will be evaluated only at the
Columbia River maximum location, where the river is the source. of drinking water for Canada goose,
spotted sandpiper, great blue heron, bald eagle, and mink.

8.2.3.1 EPCs in Terrestrial Biota

Calculating EPCs for tissues of terrestrial plants and animals exposed liy.direct contact with air and soil
requires the EPCs of COPCs and the ROPCs in air (C,;r) and soil (Cs) and the receptor bioaccumulation
and uptake factors for the COPCs and ROPCs (section 8.2.5.3). Unless specifically stated otherwise, all
tissue and body weights are wet weights, whereas soil weights are dry weights.

EPCs in Terrestrial Plants (Trophic Level 1)

The EPC for plants (Cr) exposed to COPCs and ROPCs in air and surface soil and fed upon by herbivores
and omnivores is given by:

Cp=Pd+Pv+Pr (Eq.8-1)

where:

CP = concentration of COPC or ROPC in plant tissue (mg/kg or pCi/g)

Pd = concentration resulting from uptake from particles deposited on leaf surfaces (mg/kg or
pCi/g)

Pv = concentration resulting from uptake of vapors by direct contact with air (mg/kg or
pCi/g)

Pr = concentration resulting from uptake from soil through roots (mg/kg or pCi/g)

Equations for the calculation of Pd and Pv are presented in sections 6.5.1 and 6.5.2, respectively. Pr is
calculated as:

Pr = Cs x SPv x 0.12 (Eq. 8-2)

where:

Pr = concentration resulting from uptake from soil through roots (mg/kg or pCi/g)

Cs = concentration of COPC or ROPC in soil (mg/kg or pCi/g)

5PV = soil-to-tissue uptake factor for plants (kg soil/kg dry weight tissue or g soil/g dry
weight tissue)

0.12 = dry-weight to wet-weight conversion (EPA 1999a)

The values of SPv are discussed in section 8.2.5.3. Values of SPv for all COPCs and ROPCs are given in
Appendix C2, Table C2-1.
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2 EPCs in Terrestrial Invertebrates (Trophic Level 2)

3 For ten•estrial invertebrates exposed to COPCs and ROPCs in air and surface soil and fed upon by
4 omnivores, the tissue EPC will be calculated by using either a measured soil-to-invertebrate uptake factor
5 or a calculated soil porewater concentration and an empirically determined water-to-invertebrate uptake
6 factor. EPCs for COPCs and ROPCs with measured uptake factors are calculated in accordance with
7 EPA (1999a) draft guidance:
8
9 C, = Cs x BAF-S (Eq. 8-3)

10
11 where:
12
13 C, = fresh weight concentration of COPC or ROPC in animal tissue (mg/kg or pCi/g)

14 Cs = concentration of COPC or ROPC in soil (mg/kg or pCi/g)

15. BAF-S = soil-to-tissue uptake factor for terrestrial invertebrates (kg soil/kg fresh weight tissue
16 or g soil/g fresh weight tissue)

17
18 The values of BAF-S are discussed in section 8.2.5.3. Values of BAF-S for all COPCs and ROPCs are
19 given in Appendix C2, Table C2-1.
20
21 For many organic COPCs, measured BAF-S values are not available. Instead, per EPA draft guidance
22 (EPA 1999a), values of BAF-S for organic COPCs for which no measured values were available were
23 calculated with an equation (Eq. 8-63) derived by regression analysis of uptake of several organic
24 chemicals from water by aquatic invertebrates as a function of log Kow (Southworth and others 1.978 [see
25 section 8.2.5.3 for further discussion of the equation]). According to EPA draft guidance (EPA 1999a), it
26 is appropriate to use a calculated concentration of COPC in soil porewater when using the BAF-S
27 calculated by the regression equation (Eq. 8-63). The concentration in soil porewater will be calculated
28 by assuming equilibrium partitioning, which is explained in the following paragraphs.
29
30 To be taken up by terrestrial invertebrates, chemicals must be in solution in soil porewater. For most
31 organic COPCs, only a small fraction of the COPC in soil is dissolved in porewater, and the biologically
32 available fraction of these organic COPCs in soil (that is, the fraction in soil porewater) is small.
33 Chemicals in soil porewater are assumed to be in equilibrium with chemicals bound to soil particles. The
34 ratio of concentration in soil porewater to concentration on soil particles is given by the partitioning
35 coefficient (KD) that is characteristic of the chemical and the soil. However, most organic COPCs in soil
36 are bound to organic carbon rather than to the mineral structure of soil particles (EPA 1993e), and Kn is
37 not constant for soils with different organic carbon contents. A more useful partitioning coefficient is the
38 ratio of the concentration in soil porewater (µg/L) to the concentration relative to soil carbon (µg/kg
39 carbon) and is designated Ko,. Ko, can be multiplied by the fraction of organic carbon in the soil to derive
40 the porewater-to-soil concentration ratio:.
41
42 Kn = Ko. x fo (Eq- 8-4)
43
44 where:
45
46 KD = soil-water partitioning coefficient (L/kg soil)

47 Ka^ = octanol-water partitioning coefficient (L/kg carbon)
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I fe^ = fraction of soil that is organic carbon (kg carbon/kg soil)
2

3 The concentration in porewater (CPw) can be calculated by dividing the concentration in soil (Cs) by KD:
4

5 Crw = Cs / Ko (Eq. 8-5)
6
7 and by substitution (as shown in Eq. 5-5 ofEPA draft guidance [EPA 1999a]):
8

9 Crw = Cs /( Ko, x fo.) (Eq. 8-6)
10
11 where:
12
13 CPw = concentration of organic COPC in soil porewater (mg/L)

14 Cs = concentration of organic COPC in soil (mg/kg soil)

15 Ko^ = octanol-water partitioning coefficient (L/kg carbon)

16 fa = fraction of soil that is organic carbon (kg carbon/kg soil)

17
18 Thus, the tissue EPC for organic COPCs derived by using the calculated BAF-S would be:
19
20 Ca = CPw x BAF-S (Eq. 8-7)
21
22 and:
23
24 Ca = Cs x BAF-S /(fo, x Ko,) (Eq. 8-8)
25
26 where:
27
28 Ca = concentration of organic COPC in animal tissue (mg/kg)

29 CPw = concentration of organic COPC in soil porewater (mg/L)

30 BAF-S = water-to-tissue uptake factor for terrestrial invertebrates (L/kg)

31 Cs = concentration of organic COPC in soil (mg/kg)

32 fa = fraction of soil that is organic carbon

33 Ke^ = soil organic carbon partitioning coefficient (L/kg) (Appendix C2, Table C2-1)

34
35 The EPA draft guidance (section 5.3.2.1 of EPA 1999a) quoted for the use of equilibrium partitioning to
36 estimate porewater concentrations states thafthe equilibrium-partitioning approach may be applied only
37 when certain conditions are met:
38
39 • The fraction of organic carbon in soil ( fa ) is known

40 • The COPCs must be nonpolar hydrophobic organic compounds

41 • The COPCs must have mathematically derived water-to-tissue bioconcentration factors (BCFs)

42

43 For this work plan, equilibrium partitioning can be applied to the subset of organic COPCs that have log
44 K, and log K. values but do not have measured BAF-S values because each the above conditions are
45 met, as described below:
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1
2 • The approach is considered valid if/ , is > 0.002 (EPA 1993e); whereas it has been accepted thatfa is
3 0.01 for the SLRA. Therefore, the soils meet the requirement of having a known organic carbon
4 fraction.

5 • The hydrophobic nature of a compound is indicated by its log K. In the discussion of the technical
6 basis for using equilibrium partitioning to derive sediment quality criteria (EPA 1993e), EPA shows
7 sediment quality criteria for compocmds with log Ko,s above about 2.6, so any compound with a log
8 Kow above 2.6 should be considered sufficiently hydrophobic to meet the requirements of the method.
9 There are 259 organic COPCs with BAF-S values calculated by Eq. 8-65, and 97 of them have log

10 Kow values above 2.6 and, thus, meet the requirement of being nonpolar, hydrophobic compounds
11 with mathematically derived water 13CFs. They are footnoted in Appendix C2, Table C2-1.

12 • The organic COPCs for which K. is known have mathematically determined water-to-invertebrate
13 BAFs.

14
15 The equilibrium-partitioning approach will be used for the 97 organic COPCs that do not have measured
16 BAF-S values but have log Kow. values above 2.6. For the remaining 162 organic COPCs that do not have
17 measured BAF-S values but have log K,,,, values below 2.6, the calculated BAF-S will be used in Eq. 8-3
18 to calculate tissue concentrations.
19
20 EPCs in Mammal and Bird Tissues (Trophic Levels 2, 3, and 4)

21 For mammal and bird receptors that are preyed upon by other predator receptors, the tissue EPC (CO will
22 be calculated as the sum of the contribul:ions from the different types of material ingested. For transfer of
23 COPCs and ROPCs to receptors by ingestion of plants and soil, BAFs are used. For transfer of COPCs
24 and ROPCs from prey to predators by ingestion of prey tissue, the food-chain multiplier (FCM) approach
25 (EPA 1999a) will be used to model transfer from one trophic level to another. FCMs are discussed in
26 section 8.2.5.3. The equation describing the concentration of COPCs and ROPCs in receptor tissues is
27 adapted from EPA draft guidance (EPA 1999a, Eq. 5-12):
28
29 C„ = Cs x BAF-Ts + CP x BAF=Tp x PF + C. x FCM„/FCMj x AF (Eq. 8-9)
30
31 where:
32
33 Co = concentration of COPC or ROPC in receptor tissue (mg/kg or pCi/g)

34 Cs = concentration of COPC or ROPC in ingested soil (mg/kg or pCi/g)

35 BAF-TS = soil-to-tissue uptake factor for receptor (unitless)

36 CP = concentration of COPC or ROPC in ingested plant tissue (mg/kg or pCi/g)

37 BAF-TP = plant-to-tissue uptake factor for receptor (unitless)

38 PF = fraction of diet from plant tissue (unitless)

39 C, = concentration of COPC or ROPC in ingested animal prey (mg/kg or pCi/g)

40 FCM„ = food-chain multipliers for the receptor (unitless)

41 FCMj = food-chain multipliers for ingested prey type (unitless)

42 AF = fraction of diet from animal tissue (unitless)

43
44 Per EPA draft guidance (EPA 1999a), the plant-to-tissue and soil-to-tissue BAFs are calculated from the
45 reFeStIW's LagestIRn rate and tKe suFx$Ked E[Rtransler IaFtjT (Ba). 7Ke BA) s are delliied as: .
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BAF-Ts = Ba x IRr x SFr x BW (Eq. 8-10)

and:

BAF-TP = Ba x IRr x BW (Eq. 8-11)

where:

BAF-TS = soil-to-tissue uptake factor for receptor (kg soil/kg tissue or g soil/g tissue)

Ba = ingestion-to-tissue transfer factor (d/kg)

IRF = daily food ingestion rate(kg/kg BW/d)

SFr = soil ingested per unit of food ingested (unitless)

BW = body weight of receptor (kg)

BAF-TP = plant-to-tissue uptake factor for receptor (kg plant/kg tissue or g plant/g tissue)

According to EPA ( 1999a), the fraction of diet that is plants (PF) is included in the calculation of BAF-TP.
Thus, an omnivore whose diet is 50 % plants would have a BAF-TP half that of an herbivore with the
same body weight and food ingestion rate. However, because PF must be adjusted to either 1. or 0 for the
exclusive diet, a fixed value of PF cannot be included in the calculation of BAF-Tp. Therefore, PF is not
included as a part of BAF-TP but appears as a separate term in Eq. 8-9.

Values for IRF, PF, BW, and SFr for receptors exposed at terrestrial areas are given in the receptor
profiles in section 8.1.3.3. The values of BAF-T are discussed in section 8.2.5.3. Values of Ba, BAF-Tp,
and BAF-Ts for all COPCs and ROPCs for each receptor are given in Appendix C2, tables C2-1, C2-3,
and C2-2, respectively.

The EPCs for COPCs in plants, terrestrial invertebrates, and mammal and bird receptors will be used in
the equations for modeling intake to terrestrial ecological receptors (that is, the ingestion ADD). EPCs
for ROPCs are used to calculate internal radiation exposure.

8.2.3.2 Modeling Intake to Terrestrial Ecological Receptors

The ingestion ADD for terrestrial receptors will be calculated as the sum of the intakes of plant tissue,
animal tissue, and soil. Thus:

ADD = ADDp + ADDa + ADD,

where:

(Eq. 8-12)

ADD = average daily dose by ingestion (mg/kg-d)

ADDP = average daily dose by plant ingestion (mg/kg-d)

ADD, = average daily dose by animal ingestion (mg/kg-d)

ADDs = average daily dose by soil ingestion (mg/kg-d)

Plant intake (ADDp) is calculated as follows:
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1 ADDP = Cp x IRF x PF (Eq. 8-13)
2
3 where:
4
5 ADDP = average daily dose by plant ingestion (mg/kg-d)

6 Cp = concentration of COPC in ingested plant tissue (mg/kg)

7 IRF = food ingestion rate of receptor (kg/kg/d)

8 PF = fraction of diet from plants (unitless)

9
10 Similarly, animal intake (ADDa) is calculated as:
11
12 ADDa = C. x IRF x AF (Eq. 8-14)
13
14 where:
15
16 ADDa = average daily dose by animal ingestion (mg/kg-d)

17 Ca = concentration of COPC in ingested animal tissue (mg/kg)

18 IRF = food ingestion rate of receptor (kg/kg/d)

19 AF = fraction of diet from animals (unitless)

20
21 Soil intake (ADDs) is calculated as:
22
23 ADDs = Cs x IRF x SFr (Eq. 8-15)
24
25 where:
26
27 ADDS = average daily dose by soil ingestion (mg/kg-d)

28 Cs = concentration of COPC in ingested soil (mg/kg)

29 IRF = food ingestion rate of receptor (kg/kg/d)

30 SFr = soil ingested per unit of food ingested (unitless)

31
32 The plant and animal food fractions sum to 1(PF + AF = 1), and SFr is defined as the amount of soil
33 ingested per unit of food ingested. Therefore, the total ingested fraction of food plus soil (PF + AF + SFr)
34 is greater than 1(for example, for the western meadowlark PF = 0.3, AF = 0.7, and SFr = 0.29, so the
35 total ingested fraction is 1.29).
36
37 Absorption efficiency (AE), the area use factor (AUF), and the temporal use factor (TUF) are assumed to
38 be equal to 1, so they do not appear in the exposure equations.
39
40 8.2.3.3 Receptor-Specific Exposure Equations for Terrestrial Receptors

41 The complete equations for daily ingestiion intake (ADD) and tissue concentration (C„) for each receptor
42 are presented below.
43
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1 Herbivores: Mule Deer and Mourning Dove (Trophic Leve12)

2 Mule deer and mourning doves are strict herbivores but ingest soil incidentally with their plant food
3 (Figure 8-11). Thus:
4
5 ADD = ADDP + ADDs (Eq. 8-16)
6
7 where ADDP and ADDS are as given above. The mule deer and mourning dove food ingestion rate (IRF)
8 and dietary fractions (PF and SFr) are given in the receptor profiles in section 8.1.3.3.
9

10 Deer and dove tissue concentrations are calculated by an equation adapted from EPA draft guidance (EPA
11 1999a, Eq. 5-11):
12
13 Co = Cp x BAF-TP + Cs x BAF-TS (Eq. 8-17)
14
15 where:
16
17 Co = concentration of COPC or ROPC in receptor tissue (mg/kg or pCi/g)

18 CP = concentration of COPC or ROPC in ingested plant tissue (mg/kg or pCi/g)

19 BAF-Tp = plant-to-tissue uptake factor for receptor (unitless)

20 Cs = concentration of COPC or ROPC in ingested soil (mg/kg or pCi/g)

21 BAF-T, = soil-to-tissue uptake factor for receptor (unitless)

22
23 For herbivores, PF = 1, so PF does not appear in Eq. 8-17. The soil-to-tissue uptake factors (BAF-TS) and
24 plant-to-tissue uptake factors (BAF-TP), respectively, for mule deer and mourning doves are given in
25 Appendix C2, tables C2-2 and C2-3.
26
27 Omnivores: Great Basin Pocket Mouse and Western Meadowlark (Trophic Leve13)

28 Pocket mice and western meadowlarks are omnivores that ingest plants and invertebrates but ingest soil
29 incidentally with their food (Figure 8-11); Thus:
30
31 ADD=ADDp+ADD,+ADDs . (Eq. 8-12)
32
33 where ADDp, ADD, and ADDs are as given above (equation 8-12 first appears in section 8.2.3.2). The
34 pocket mouse and western meadowlark food ingestion rates(IRr) and dietary fractions (PF, AF, and SFr)
35 will be given in the receptor profiles in section 8.1.3.3. The SLERA will evaluate the exposure of mice
36 and meadowlarks assuming ingestion of only the food type with the highest tissue concentration. The
37 terrestrial food web (Figure 8-9) shows that the sole aninial prey type for the Great Basin pocket mouse
38 and western meadowlark is terrestrial invertebrates. Whether plants or terrestrialdnvertebrates have the
39 highest tissue concentration is a function of the soil-to-tissue uptake factor for the two food types. For the
40 exclusive diets, PF is one and AF is zero if CP > Ca, and PF is zero and AF is one if C, > Cp (Figure 8-13).
41 The use of the exclusive diet in the evaluation of.the worst-case scenario is discussed in section 8.2.1.
42
43 Great Basin pocket mouse and western meadowlark tissue concentrations are calculated by an equation
44 adapted from EPA draft guidance (EPA 1999a, Eq. 5-12):
45
46 C„ = CP x BAF-Tp x PF + C, x FCM./FCMj x AF + Cs x BAF-Ts (Eq. 8-18)47
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I where:

2
3 C„ = concentration of COPC or ROPC in receptor tissue (mg/kg or pCi/g)

41 _ CP = concentration of COPC or ROPC in ingested plant tissue (mg/kg or pCi/g)

5 BAF-TP = plant-to-tissue uptake factor for receptor (unitless)

6 PF = fraction of diet from plants (unitless)

7 C, = concentration of COPC or ROPC in ingested animal prey (mg/kg or pCi/g)

8 FCMo = food-chain multipliers for the receptor (unitless)

9 FCMj = food-chain multipliers for ingested prey type (unitless)

10 AF = fraction of diet from animal tissue (unitless)

11 Cs = concentration of COPC or ROPC in ingested soil (mg/kg or pCi/g)

12 BAF-Ts = soil-to-tissue uptake factor for receptor (unitless)

13
14
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

45

46

Values of PF and AF depend on the concentrations of COPCs and ROPCs in food (Cp and Co. If CP > Ca,
PF is 1 and AF is 0. Conversely, if CP < Ca, PF is 0 and AF is 1. C, is the concentration of COPCs or
ROPCs in terrestrial invertebrates. The FCMs for the pocket mouse and western meadowlark (FCM3) and
their prey (FCM2) are given in Appendix C2, Table C2-5. The soil-to-tissue uptake factors (BAF-Ts) and
plant-to-tissue uptake factors (BAF-TP) are given in Appendix C2, tables C2-2 and C2-3, respectively.

Predators: Coyote and Burrowing Owl (Trophic Level 4)

Coyotes and burrowing owls are omnivores that ingest primarily small animals, but also a small fraction
of soil incidentally with their food (Figure 8-11). The SLERA will evaluate the exposure of coyotes and
burrowingpwls as carnivores, assuming ingestion of only the animal prey type with the highest tissue
concentration (Figure 8-14). Whether meadowlarks or pocket mice have the highest tissue concentration
is a function of the soil-to-tissue and other uptake factors for those prey types. Thus:

ADD = ADD, + ADDs (Eq. 8-19)

where ADD, is calculated for the prey type with the highest expected body burden for a given COPC and
ADD, and ADDs are as given above.

Coyote and burrowing owl food ingestion rate (IRF) and soil dietary fraction (SFr) are given in the
receptor profiles in section 8.1.3.3. The terrestrial food web (Figure 8-9) shows that the sole prey types of
the coyote and burrowing owl to be evaluated in the SLERA are the Great Basin pocket mouse and the
western meadowlark.

Coyote and burrowing owl tissue concentrations will be calculated by an equation adapted from EPA
draft guidance (EPA 1999a, Eq. 5-13):

Co = C; X FCM„/FCMj X AF + Cs BAF-Ts (Eq. 8-20)

where:

C„ = concentration of COPC or ROPC in receptor tissue (mg/kg or pCi/g)

C. = concentration of COPC or ROPC in ingested animal prey (mg/kg or pCi/g)

FCMo = food-chain multipliers for the receptor (unitless)
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I FCMj = food-chain multipliers for ingested prey type (unitless)

2 AF = fraction of diet from animal.tissue (unitless)

3 Cs = concentration of COPC or ROPC in ingested soil (mg/kg or pCi/g)

4 BAF-Ts = soil-to-tissue uptake factor for receptor (unitless)

5
6 and where C, is the tissue concentration of the animal prey type (either Great Basin pocket mouse or
7 western meadowlark) with the highest body burden. For the exclusive diet, AF = 1. The FCMs for the
8 coyote and burrowing owl (FCM4) and their prey (FCM3) are given in Appendix C2, Table C2-5.
9 Soil-to-tissue uptake factors (BAF-Ts) for the coyote and burrowing owls are given in

10 Appendix C2, Table C2-2.
11
12 Predator: Red-Tailed Hawk (Trophic Leve14)

13 Red-tailed hawks are carnivores that ingest small animals but do not ingest soil incidentally with their
14 food (Figure 8-11). The SLERA will evaluate the exposure of red-tailed hawks assuming ingestion of
15 only the prey type with the highest tissue concentration (Figure 8-14). Whether western meadowlarks or
16 Great Basin pocket mice have the highest tissue concentration is a function of the soil-to-tissue and other
17 uptake factors for those prey types. Thus:
18
19 ADD (mg/kg-d) = ADDa (Eq. 8-21)
20
21 where ADD, is calculated for prey type with the highest expected body burden for a given COPC, and
22 ADD, is calculated as given above with AF = 1.
23
24 Red-tailed hawk food ingestion rate (IRF) is given in the receptor profiles in section 8.1.3.3. The
25 terrestrial food web (Figure 8-9) shows the prey types for the hawk. The hawk prey types to be evaluated
26 in the SLERA are the Great Basin pocket mouse and the western meadowlark.
27
28 Red-tailed hawk tissue concentration will be calculated by an equation adapted from EPA draft guidance
29 (EPA 1999a, Eq. 5-13):
30
31 C„ = C. x FCM,fFCMj (Eq. 8-22)
32
33 where:
34
35 Cn = concentration of COPC or ROPC in receptor tissue (mg/kg or pCi/g)

36 Ca = concentration of COPC or ROPC in ingested animal prey (mg/kg or pCi/g)

37 FCM„ = food-chain multipliers for the receptor (unitless)

38 FCMj = food-chain multipliers for ingested prey type (unitless)

39
40 where the prey type is the prey with the highest expected body burden. For carnivores, AF = 1, so AF
41 does not appear in Eq. 8-22. The FCMs for hawks (FCM4) and their prey (FCM3) are given in
42 Appendix C2, Table C2-5.
43
44 8.2.3.4 External and Internal Radiation Dose

45 The total radiological dose to all receptors is calculated as the sum of the external and internal radiation
46 doses for all ROPCs, using methods presented by Sample and others (1997). External doses to all
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46

47

48

receptors result from exposure to ROPCs in soil and air. The internal dose to plants and terrestrial
invertebrates results from the uptake of radionuclides into their tissues from soil. The internal dose to
wildlife receptors results from the uptake of radionuclides into their tissues from ingested food and soil.

All radiation damage results from interaction of ionizing radiation with molecules in the tissues. As each
ROPC decays, it emits radiation that is characteristic for that ROPC. The energy absorbed by tissues
depends on the type and energy of radiation and the amount of tissue that absorbs the energy. Thus, alpha
particles and most beta radiation do not penetrate the skin and do not cause damage by external radiation.
Also, the fraction of gamma radiation from any ROPC that is absorbed by tissue is higher for large
animals than for small animals. Internal alpha radiation does more damage to tissues per unit of energy.
To adjust for the additional damage, a quality factor (QF) is used: the alpha energy is multiplied by QF in
the exposure equations. A QF of 5 has been suggested for ecological receptors (Kocher and Trabalka
2000) and is used in the following calculations.

External Dose

External radiation doses from air, soil, water, and sediment are calculated by methods presented by
BQyqty3c, ) ra(lc, aQl 2 '1 eaC(1993) and Sample and others (1997). External irradiation by immersion in
air containing ROPCs and by standing, sitting, or lying on the soil surface (aboveground radiation) is
modeled by using external dose conversion factors (a CFs) presented by EPA (1993b) and the activity of
ROPCs in the medium. Aboveground external radiation from soil is adjusted for the fraction of time that
the receptor is assumed to spend on the soil surface. Those fractions are assumed to be:

• Plants, 0.5
• Terrestrial invertebrates, 0.5
• Mule deer, 1
• Mourning dove, 1

• d reat Basin pocket mouse, 0.3
• Western meadowlark, I
• Coyote, 0.7
• Burrowing owl, 0.5
• Red-tailed hawk, 0.05

There is also a roughness factor to correct for absorption of radiation by uneven soil contours and an
elevation correction factor (ECF) to adjust a CFs to account for most ecological receptors having most of
their bodies closer to the ground than the humans for which the a CFs were derived. ECF is 2 for all
receptors except mule deer, which are large enough to receive radiation at approximately the same height
as humans (Sample and others 1997). External radiation a CFs are presented in Appendix C2,
Table C2-6.

Belowground external radiation from soil will be modeled by using the decay energies and tissue
absorption fractions presented in Appendix C2, Table C2-6. Equations to calculate belowground external
exposure are presented by Sample and others (1997). Belowground exposure is adjusted for the fraction
of time that the receptor is assumed to be exposed underground. Those fractions are assumed to be:

• Plants, 0.5
• Terrestrial invertebrates, 0.5
• Mule deer, 0
• Moutning dove, 0
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• Great Basin pocket mouse, 0.7
• Western meadowlark, 0
• Coyote, 0.3
• Burrowing owl, 0.5
• Red-tailed hawk, 0

Per EPA (1993b), the external dose (rad/d) to all receptors from soil is calculated as:

RDExtsoiI = Cs x DFaQiI (Eq. 8-23)

where:

RDExtsoil = external radiation dose from soil (rad/d)

Cs = activity of radionuclide in untilled soil (pCi/g)

DFaoiI = factor for converting activity in soil to external dose from untilled soil

The total external dose from all ROPCs in soil is the sum of the external doses from each ROPC. Per
Sample and others (1997), the external dose factor for soil (DFsou) is calculated as:

DFaoii = FasoW x FNf x DCF x CFb x ECF + 1.05 x Fro^low x EnY XOY x CFa (Eq. 8-24)

where:

Fabo„e = fraction of time spent above ground (unitless)

F.f = dose rate reduction factor accounting for ground roughness (unitless)

DCF = dose conversion factor for external radiation from soil contaminated to a depth of
I cm (EPA 1993b)

CFb = 5.12 x 1011, factor to convert Sv/s per Bq/m3 to rad/d per pCi/g

ECF = elevation correction factor to adjust dose coefficient for effective height of receptor
above ground (unitless, Sample and others 1997)

1.05 = conversion factor to account for immersion in soil rather than water

Fbvo,, = fraction of time spent below ground surface (unitless)

E,n, = photon energy emitted during transition from a higher to a lower energy state (MeV)

x proportion of disintegrations producing y radiation

0Y = absorbed fraction of energy from gamma energy E.

CFa = unit conversion factor, 5.11 x 10'5 rad/d per pCi/g per MeV/disintegration

For all ROPCs, values of DFsoil for all receptors, DCF for untilled soil (1 cm), and (D. and EYnY are given
in Appendix C2, Table C2-6. To calculate external exposure to radionuclides in soil, DFsa;, values will be
multiplied by the modeled activities of the corresponding radionuclides in surface soil at each exposure
location.

Per EPA (1993b), the external dose (rad/d) to all receptors from air is calculated as:

RDEXtair = Cair x DFair (Eq. 8-25)
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where:

RDExt.;, = external radiation dose from air (rad/d)

C^;, = activity of radionuclide in air (pCi/m3)

DFa;, = factor for converting activity in air to external dose from air

The external dose conversion factor for air (DFa;,) is calculated as follows:

DFa;, = 3.2 x l Os x DCF

where:

(Eq. 8-26)

3.2 x 105 = conversion factor to convert Sv/s per Bq/m3 to rad/d (EPA 1993b)

DCF = dose conversion factor for external radiation from immersion in air (EPA I993b)

For all ROPCs, values of DCF for air are given in Appendix C2, Table C2-6. To calculate external
exposure to radionuclides in air, DCF values will be multiplied by the modeled activities of the
corresponding radionuclides in air at each exposure location.

Internal Dose

7he internpfkxSRsure tRrl3tiRnuFQies is Fj@u%ed frgp the gYivity in the reFzstRr's tissues rljher thD1
from the daily ingestion. The internal activities of ROPCs are calculated by using BCFs and ROPC
activities in soil and food. fnternal radiation doses will be calculated by multiplying the activity in tissues
by the sum of alpha, beta, and gamma decay energies, where alpha and beta energies are assumed to be
completely absorbed. Because gamma rays, like u -rays, may pass through the tissues without depositing
their energy, gamma energies are adjusted to account for greater absorption by larger organisms at a given
energy level and for greater absorption by all receptors at lower energy levels.

Per Sample and others (1997), the internal dose (rad/d) to plants, terrestrial invertebrates, and wildlife
receptors will be calculated as follows:

RDfnt = C. x DF , (Eq. 8-27)

where:

DFj, = CFa x(n F x Eana x cD. + Eanp x cpp + EynY x (Or) (Eq. 8-28)

and:

RDfnt = internal radiation dose (rad/d)

Co = activity of radionuclide in receptor tissue (pCi/g)

DF;M = factor for converting ROPC activity in tissue to internal dose

CFa = unit conversion factor, 5.11 x 10 5 rad/d per pCi/g per Mes /disintegration

n F .= quality factor for biological effect of alpha radiation (unitless), 5 (h ocher and
Trabalka 2000)
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E.n. = average energy emitted as alpha radiation (MeV per disintegration) x proportion of
disintegrations producing a a-particle

(% = absorbed fraction of energy from alpha energy Ea

Epnp = average energy emitted as beta radiation (MeV per disintegration) x proportion of
disintegrations producing a (3-particle

Op = absorbed fraction of energy from beta energy Ep

E,n, = photon energy emitted during transition from a higher to a lower energy state (MeV)
x proportion of disintegrations producing y radiation

0„ = absorbed fraction of energy from gamma energy By

For all ROPCs, values of DF;n, for each receptor and (D., E.n., Op, Epnp, (3), and EynY are given in
Appendix C2, Table C2-6. To calculate external exposure to radionuclides in soil, DF;n, values will be
multiplied by the modeled activities of the corresponding radionuclides in receptor tissues at each
exposure location.

8.2.4 Quantification of Exposure at the Columbia River Maximum (Aquatic Receptors)

Calculating hazard quotients (HQs) for receptors exposed to contaminated air, water, and sediment in the
Columbia River area by direct contact with air, sediment, and water and by ingestion of water, sediment,
and biota requires the EPCs of COPCs and ROPCs in air, water, sediment, and aquatic biota. The EPCs
of COPCs in biota (section 8.2.4.1) are required to calculate the ADD by ingestion (sections 8.2.4.2 and
8.2.4.3) and internal radiation dose for predator receptors. The total radiation dose for all receptors
exposed to ROPCs is the sum of the external and internal radiation doses for all ROPCs (section 8.2.4.4).

8.2.4.1 EPCs in Aquatic Biota

Calculating EPCs for tissues of aquatic plants and animals exposed by direct contact with air, water, and
sediment requires the EPCs of COPCs and the ROPCs in air (Ceu), dissolved in water (Cdw), in water
column as a total (Cwno), in sediment (Cs), as well as the receptor bioaccumulation and uptake factors for
the COPCs and ROPCs (section 8.2.5.4).

EPCs in Aquatic Plants (Trophic Level 1)

For floating and rooted aquatic plants exposed to COPCs and ROPCs in surface water and sediment,
respectively, and fed upon by Canada geese, the tissue EPC will be calculated in accordance with EPA
(1999a) draft guidance:

for organic COPCs:

CP = Cdw x WP x 0.001 + Cs x SP x 0.001 (Eq. 8-29)

for inorganic COPCs:

Cr=CdwxWP+CsxSP (Eq 8 -30)
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where:

CP = concentration or activity of COPCs or ROPCs in aquatic plant tissue (mg/kg or pCi/g)

Cd^ = concentration or activity of COPCs or ROPCs dissolved in surface water (µg/L, mg/L,
or pCi/L)

WP = water-to-tissue uptake factor for floating plants (L/kg)

0.001 = factor to convert µg/kg to mg/kg (mg/µg) for organic COPCs and pCi/kg to pCi/g
(kg/g) for ROPCs

Cs = concentration or activity of COPCs or ROPCs in sediment (µg/kg, mg/kg, or pCi/g)

SP = sediment-to-tissue uptake factor for rooted aquatic plants (unitless)

In order to be conservative, it is assumed that the diet of the Canada goose is exposed to COPCs and
ROPCs in both surface water and sediment (Figure 8-12). The values of WP and SP for the SLERA are
discussed in section 8.2.5.4. For all COPCs and ROPCs, values for WP and SP are given in
Appendix C2, Table C2-1.

EPCs in Benthic Invertebrates (Trophic Level 2)

For benthic invertebrates exposed to organic COPCs and ROPCs in sediment and fed upon by spotted
sandpipers; the tissue EPC will be calculated by using either a measured sediment-to-invertebrate uptake
factor or a calculated sediment porewater concentration and an empirically determined
water-to-invertebrate uptake factor. EPCs for COPCs with measured uptake factors are calculated in
accordance with EPA (1999a) draft guidance:

C, = Cs x BASF x 0.001 (Eq. 8-32)

and for inorganic COPCs and ROPCs:

C, = Cs x BASF (Eq. 8-33)

where:

Ca = concentration or activity of COPCs or ROPCs in benthic invertebrate tissue (mg/kg,
pCi/g)

Cs .= concentration or act:ivity of COPCs or ROPCs in sediment (µg/kg, mg/kg, or pCi/g)

BASF = sediment-to-tissue uptake factor for benthic invertebrates (unitless)

0.001 = factor to convert µg to mg (mg/µg) for organic COPCs

For many organic COPCs, measured sediment-to-tissue uptake factors for benthicinvertebrates (BASF)
values are not available. Instead, per EPA draft guidance, values of BASF for organic COPCs for which
no measured values were available were calculated with an equation (EPA 1999a, Eq. 8-75) derived by
regression analysis of uptake of several organic chemicals from water by aquatic invertebrates as a
function of log Kow (Southworth and others 1978). According to EPA draft guidance, it is appropriate to
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use a calculated concentration of an organic COPC in sediment porewater when using an aquatic BCF for
the BASF value, as calculated by the regression equation for aquatic invertebrates (EPA 1999a, Eq. 8-75).
The concentration in soil porewater is determined by equilibrium partitioning, which is explained in
section 8.2.3.1. Thus, the tissue EPC calculated by using the calculated BASF would be:

C, = Cpw x BASF x 0.001 (Eq. 8-34)

and (as shown in Eq. 5-5 of EPA draft guidance [EPA 1999a]):

Cpw = Cs /(Ko, x fo.) (Eq. 8-6)

where:

C, = concentration of organic COPC in animal tissue (mgJkg)

CM = concentration of organic COPC in sediment porewater (µg/L)

BASF = sediment-to-tissue uptake factor for benthic invertebrates (L/kg)

0.001 = conversion factor, mg/µg

Cs = concentration of organic COPC in sediment (µg/kg)

Ko^ = soil organic carbon partitioning coefficient (L/kg) (Appendix C2, Table C2-1)

fc = fraction of sediment that is organic carbon

Note: Equation 8-6 first appears in section 8.2.3.1.

The values of BASF for the SLERA are discussed in section 8.2.5.4. For all COPCs and ROPCs, values
for BASF are given in Appendix C2, Table C2-1.

EPCs in Aquatic Invertebrates (Trophic Level 2)

For aquatic invertebrates exposed to organic COPCs and ROPCs in surface water and fed upon by fish,
the tissue EPC will be calculated in accordance with EPA (1999a) draft guidance:

C, = Cdw x BCF;n„ x 0.001 (Eq. 8-35)

and for inorganic COPCs the tissue EPC is:

Ca = Caw x BCF„„ (Eq. 8-36)

where:

C, = concentration or activity of COPC or ROPC in benthic invertebrate tissue (mg/kg or
pCi/g)

Cdw = concentration or activity of COPC or ROPC dissolved in surface water (µg/L, mg/L,
or pCi/L)

BCF;n„ = water-to-tissue uptake factor for aquatic invertebrates (L/kg)

0.001 = conversion factors (mg/µg for organic COPCs and kg/g for ROPCs)
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The values of BCFi.„ for the SLERA are discussed in section 8.2.5.4. For all COPCs and ROPCs, values
for BCFw are given in Appendix C2, Table C2-1.

EPCs in Fish (Trophic Levels 2, 3, and 4)

Trophic-level-specific FCMs will be used to calculate the concentrations of COPCs and ROPCs in fish.
FCMs adjust the calculated concentration in fish tissue to account for bioaccumulation from one trophic
level to another (see section 8.2.5.3). For planktivoious fish (trophic level 2, FCM2), omnivorous fish
(trophic level 3, FCM3), and carnivorous fish (trophic level 4, FCM4) exposed to COPCs and ROPCs in
surface water, aquatic biota, and fish, the tissue EPC will be calculated, respectively, as follows:

Ca= Cdw x BCFfish x FCM; (Eq. 8-37)

where:

Ca = concentration or activity of COPC or ROPC in fish tissue (mg/kg or pCi/g)

Cdw = concentration or activity of COPC or ROPC dissolved in surface water (mg/L or
pCi/L)

BCF6n, = water-to-tissue uptake factor for fish (L/kg)

FCM; = food chain multiplier for trophic level i fish (unitless)

For organic COPCs, Cdw is in µg/L and must be multiplied by 0.001 mg/µg to convert to mg/L. For
ROPCs, the equations are identical, but the ROPC concentration in prey tissue (Cd,, x BCFfish) must be
converted from pCi/kg to pCi/g by multiplying by 0.001 kg/g.

The values of BCF55h and FCMs for the SLERA are discussed in section 8.2.5.4. For all COPCs and
ROPCs, values for BCFfiA are given in Appendix C2, Table C2-1, and values for FCM2, FCM3 and FCM4
are given in Appendix C2, Table C2-5.

EPCs in Mammal and Bird Tissues (Trophic Levels 2, 3, and 4)

For wildlife receptors, the tissue EPC (C„) will be calculated in accordance with EPA (1999a) draft
guidance as the sum of the contributions from the different types of material ingested. Trophic-level-
specific FCMs will be used to calculate the concentrations of COPCs and ROPCs in animal tissue
ingested by mammals and birds. FCMs adjust the calculated concentration in animal tissue to account for
bioaccumulation from one trophic level to another (see section 8.2.5.3). The equations are adapted from
EPA draft guidance (EPA 1999a, Eq. 5-12):

for organic COPCs:

C„ = CP x BAF-TP x PF + ECa x FCM„/FCMj x AFj + C,,,a x BAF-Tw x 0.001
+ Cs x BAF-Ts x 0.001. (Eq. 8-38)

for inorganic COPCs:

C, = Cp x BAF-Tp x PF + ECa x FCM./FCMi x AFi + Cw,oe x BAF-Ta, + Cs x BAF-TS (Eq. 8-39)
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and for ROPCs:

Cn = CP x BAF-TP x PF + ECa x FCM./FCMj x AFj + Cw.,oi x BAF-T, x 0.001
+ Cs x BAF-TS (Eq. 8-40)

where:

Co = concentration or activity of COPC or ROPC in receptor tissue (mg/kg or pCi/g)

CP = concentration or activity of COPC or ROPC in ingested plant tissue (mg/kg or
pCi/g)

BAF-TP = plant-to-tissue uptake factor for receptor (unitless)

PF = fraction of diet plants (unitless)

C,j = concentration or activity of COPC or ROPC in ingested animal prey type j(mg/kg
or pCi/g)

FCM„ = food-chain multipliers for the receptor (unitless)

FCMj = food-chain multipliers for ingested prey typej(unitless)

AFj = fraction of diet from animals of prey type j(unitless)

Cw^wt = total concentration or activity of COPC or ROPC in ingested water (µg(L; mg/L, or
pCi/L)

BAF-Tw = water-to-tissue uptake factor for receptor (L/kg)

0.001 = conversion factors (mg/µg for organic COPCs and pCi/kg to pCi/g [kg/g] for
ROPCs)

Cs = concentration or activity of COPC or ROPC in ingested sediment (µg/kg, mg/kg, or
pCi/g)

BAF-TS = sediment-to-tissue uptake factor for receptor (unitless)

The plant-to-tissue uptake factors, water-to-tissue uptake factors, and soil-to-tissue uptake factors, which
wMe used fRr sedlp ent, are FaQuQted per ( 3 A (1999a) draft guidanpe frRP the reFeptgr's IngestlRn
rate and the published biotransfer factor (Ba), that is:

BAF-TP = Ba x fRF x PF x Bt

BAF-Tw = Ba X fR,o X Bt

and:

BAF-TS = Ba x fRF x PFr x Bt

where:

BAF-TP =

Ba =

=fRF

PF =

Bt =

BAF-T, _

plant-to-tissue uptake factor for receptor (unitless)

biotransfer factor for'teceptor for a given substance (d/kg)

ingestion rate of food by the receptor (kg/d)

fraction of diet from plants (unitless)

body weight of receptor (kg)

water-to-tissue uptake factor for receptor (L/kg)

(Eq. 8-41)

(Eq. 8-42)

(Eq. 8-10)
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IRw = water ingestion rate of receptor (L/d)

BAF-TS = sediment-to-tissue uptake factor for receptor (unitless)

SFr = sediment ingested per unit of food ingested (unitless)

Note: Equation 8-10 first appears in section 8.2.3.1.

The values of Ba, BAF-TP, BAF-Tw, and BAF-T, for the SLERA are discussed in section 8.2.5.4. Values
of Ba, BAF-Ts, BAF-TP, and BAF-T„ for all COPCs and ROPCs for each receptor are given in
Appendix C2, tables C2-1, C2-2, C2-3, and C2-4, respectively. Values for IRF, IRe„ PF, BW, and SFr for
receptors exposed at that Columbia River are given in the receptor profiles in section 8.1.3.3.

The EPCs for COPCs in aquatic plants, benthic invertebrates, and aquatic biota are used in the equations
for modeling intake to aquatic ecological receptors (that is, the ingestion ADD). EPCs for ROPCs will be
used to calculate internal radiation doses.

8.2.4.2 Modeling Intake to Aquatic Ecological Receptors

The ingestion ADD (mg/kg-d) for aquatic receptors exposed to COPCs in sediment or surface water will
be calculated as the sum of plant tissue, animal tissue, water, and sediment intakes:

ADD = ADDP + ADDa + ADDN, + ADDS

where:

ADD = average daily dose by ingestion (mg/kg-d)

ADDP = average daily dose by plant ingestion (mg/kg-d)

ADDa = average daily dose by animal ingestion (mg/kg-d)

ADDw = average daily dose by water ingestion (mg/kg-d)

ADDs = average daily dose by sediment ingestion (mg/kg-d)

Plant intake (ADDp) will be calculated as follows:

ADDP = Co x IRF x PF

where:

ADDP = average daily dose by plant ingestion (mg/kg-d)

CP = concentration of COPC in ingested plant tissue (mg/kg)

IRF = food ingestion rate of receptor (kg/kg/d)

PF = fraction of food ingested that is plant tissue (unitless)

Note: Equation 8-13 first appears in sectaon8.2.3.2:

Similarly, animal intake (ADDO will be calculated as:

ADDe=C,xIRrxAF

(Eq. 8-43)

(Eq. 8-13)

(Eq. 8-14)
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where:

ADD, = average daily dose by animal ingestion (mg/kg-d)

C, = concentration of COPC in ingested animal tissue (mg/kg)

IRF = food ingestion rate of receptor (kg/kg/d)

AF = fraction of food ingested that is animal tissue (unitless)

Note: Equation 8-14 first appears in section 8.2.3.2.

Water intake (ADDw) for organic COPCs will be calculated as:

ADDw = C„,,,t x IR, x 0.001

and water intake for inorganic COPCs will be calculated as:

ADDw = C,,, x IRw

where:

ADDw = average daily dose by water ingestion (mg/kg-d)

C,,t = total concentration of COPC in water (µg/L or mg/L)

IRw = water ingestion rate of receptor (L/kg/d)

0.001 = factor to convert µg to mg (mg/µg)

Sediment intake (ADDS) for organic COPCs will be calculated as:

ADDs = Cs x IRF x SFr x 0.001

and sediment intake for inorganic COPCs will be calculated as:

ADDS = Cs x IRF x SFr

where:

ADDs = average daily dose by sediment ingestion (mg/kg-d)

Cs = concentration of COPC in ingested sediment (µg/kg or mg/kg)

IRF = food ingestion rate of receptor (kg/kg/d)

SFr = sediment ingested per unit of food ingested (unitless)

0.001 = factor to convert µg to mg (mg/µg)

(Eq. 8-44)

(Eq. 8-45)

(Eq. 8-46)

(Eq. 8-15)

Note: Equation 8-15 first appears in section 8.2.3.2.

For the SLERA, the plant and animal food fractions sum to 1(PF + AF = 1), and SFr is defined as the
amount of sediment ingested per unit food ingested.
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1 For the SLERA, AE, AUF, and TUF will be assumed to be equal to 1, so they do not appear in the
2 exposure equations.
3
4 8.2.4.3 Receptor-specific Exposure Equations for Aquatic Receptors

5 The complete equations for ADD and C,, for each receptor are presented below.
6
7 Canada Goose (Trophic Leve12)

8 Canada geese are herbivores that ingest aquatic plants, but they ingest water and sediment also with their
9 food. Thus:
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where ADDP, ADD,V, and ADD, are as given above. The Canada goose food ingestion rate (IRF), water
ingestion rate (IRa), and dietary fractions (PF and SFr) are given in the receptor profiles in
section 8.1.3.3. The aquatic food web (), igure 8-10) shows the prey types for the Canada goose.

Canada goose tissue concentration will be calculated by an equation adapted from EPA draft guidance
(EPA 1999a, Eq. 5-11):

Co = CP X BAF-Tp + CwMO, x BAF-T, + Cs x BAF-Ts (Eq. 8-48)

For organic COPCs and ROPCs, the tissue concentration resulting from ingested water (Cw,,o, x BAF-Tw)
must be converted from µg/kg to mg/kg (organic COPCs) or from pCi/kg to pCi/g (ROPCs) by
multiplying by 0.001 mg/µg or kg/g, respectively. For organic COPCs, the tissue concentration resulting
from ingested sediment (Cs x BAF-Ts) rnust be converted from µg/kg to mg/kg by multiplying by
0.001 mg/µg. Sediment-to-tissue uptake factors (BAF-Ts), plant-to-tissue uptake factors (BAF-TP), and
water-to-tissue uptake factors (BAF-T,,,) for the Canada goose are given in Appendix C2, tables C2-2,
C2-3, and C2-4, respectively.

Spotted Sandpiper (Trophic Leve13)

Spotted sandpipers are carnivores that ingest benthic invertebrates, but they also ingest water and
sediment with their food (Figure 8-12). Thus:

ADD =ADD, + ADDw + ADDs (Eq. 8-49)

where ADD„ ADD, and ADDs are as given above. The spotted sandpiper food ingestion rate (IRF) and
dietary fractions (AF and SFr) are given in the receptor profiles in section 8.1.3.3. The aquatic food web
(Figure 8-10) shows the prey types of the spotted sandpiper.

Sandpiper tissue concentration will be calculated by an equation adapted from EPA draft guidance
(EPA 1999a, Eq. 5-13). FCMs (FCM3 for trophic level 3) are used to account for bioaccumulation from
ingested animal tissue:

C„ = C, x FCM3/FCM2 x AF +(.,,o, x BAF-Tw + Cs x BAF-TS (Eq. 8-50)

For organic COPCs and ROPCs, the tissue concentration resulting from ingested water (C,a x BAF-Tw)
must be converted from µg/kg to mg/kg (organic COPCs) or from pCi/kg to pCi/g (ROPCs) by
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I multiplying by 0.001 mg/µg or kg/g, respectively. For organic COPCs, the tissue concentration resulting
2 from ingested sediment (Cs x BAF-Ts) must be converted from µg/kg to mg/kg by multiplying by
3 0.001 mg/µg. Because the diet of the spotted sandpiper is assumed to be benthic invertebrates, AF = 1.
4 The FCMs for the sandpipers (FCM3) and their invertebrate prey (FCM2) are given in Appendix C2,
5 Table C2-5. Sediment-to-tissue uptake factors (BAF-Tj and water-to-tissue uptake factors (BAF-Tw) for
6 the sandpiper are given in Appendix C2, tables C2-2 and C2-4, respectively.
7
8 Great Blue Heron (Trophic Level 4)

9 Great blue heron are carnivores that ingest omnivorous fish, planktivorous fish, and small invertebrates,
10 but they also ingest water with their food (Figure 8-10). The SLERA will evaluate the exposure of heron
1 I assuming ingestion of omnivorous fish and water (Figure 8-12). Thus:
12
13 ADD = ADDa + ADDw (Eq. 8-51)
14
15 where ADDa and ADDw are as given above (equations 8-13, 8-44, and 8-45); and ADDa will be calculated
16 for omnivorous fish only. The great blue heron food ingestion rate (IRF) and water ingestionrate (IRw)
17 are given in the receptor profiles in section 8.1.3.3. The aquatic food web (Figure 8-10) shows the prey
18 types of the great blue heron.
19
20 The great blue heron tissue concentration will be calculated byan equation adapted from EPA draft
21 guidance (EPA 1999a, Eq. 5-13). FCMs (FCM4 for trophic level 4) are used to account for
22 bioaccumulation from ingested animal tissue:
23
24 C^ = C. x FCM4/FCM3 x AF + Ca,ot x BAFTa (Eq. 8-52)
25
26 For organic COPCs and ROPCs, the tissue concentration resulting from ingested water (Cw,ot x BAF-Tw)
27 must be converted from µg/kg to mg/kg or from pCi/kg to pCi/g (ROPCs) by multiplying by 0.001 mg/µg
28 or kg/g, respectively. Because the diet of the great blue heron is assumed to be exclusively fish, AF = 1.
29 The FCMs for the heron (FCM4) and their omnivorous fish prey (FCM3) are given in Appendix C2,
30 Table C2-5. Water-to-tissue uptake factors (BAF-T,y) forthe great blue heron are given in Appendix C2,
31 Table C2-4.
32
33 Bald Eagle and Mink (Trophic Leve14)

34 Bald eagles and mink are carnivores that ingest omnivorous and piscivorous fish and other animals, but
35 they also ingest water incidentally with their food (Figure 8-10). ingestion of terrestrial prey at the
36 Columbia River maximum site will not be evaluated because the concentrations of COPCs and ROPCs in
37 soil near the Columbia River would be less than at the onsite ground maximum. Ingestion of terrestrial
38 prey by red-tailed hawks will be evaluated at the onsite grouqd maximum, where concentrations in
39 terrestrial prey will be higher than at the Columbia River. Because the exposure of hawks to terrestrial
40 receptors at the onsite ground maximum is more conservative than exposure of predators to terrestrial
41 receptors at the Columbia River, the SLERA will evaluate the exposure of bald eagles and mink assuming
42 ingestion of only carnivorous fish (trophic level 4) and water (Figure 8-12). Thus:
43
44 ADDtotat = ADDa + ADDw (Eq. 8-51)
45
46 where ADD, and ADDw are as given above (equations 8-13, 8-44 and 8-45), and ADD, is calculated for
47 piscivorous fish (fish whose diet is fish) only. Note that equation 8-51 first appears in section 8.2.4.3.
48 The eagle and mink food ingestion rates (IRF) and water ingestion rate (IRw) are given in the receptor
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profiles in section 8.13.3. The aquatic ifood web (Figure 8-10) shows the prey types of the bald eagle and
mink.

Bald eagle and mink tissue concentrations will be calculated by an equation adapted from EPA draft
guidance (EPA 1999a, Eq. 5-13). FCMs (FCM4 for trophic level 4) are used to account for
bioaccumulation from ingested animal tissue:
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C„ = C. x FCM4/FCM4 x AF + 1,^^wao, x BAF-TH (Eq. 8-52a)

C. is the concentration of COPC or ROPC in carnivorous fish (C, = Cdw x FCM4).

For organic COPCs and ROPCs, the tissue concentration resulting from ingested water (C„.c^t x BAF-Tw)
must be converted from µg/kg to mg/kg or from pCi/kg to pCi/g (ROPCs) by multiplying by 0.001 mg/µg
or kg/g, respectively. Because the diet of the mink and the diet of the eagle are assumed to be exclusively
fish, AF = 1. For the mink, a realistic diet would require the addition of a term for ingestion of plants (see
Eq. 8-9). The FCMs for the eagle and mink (FCM4) and their carnivorous prey (FCM4) are given in
Appendix C2, Table C2-5. Water-to-tissue uptake factors (BAF-Tw) for the bald eagle and mink are
given in Appendix C2, Table C2-4.

8.2.4.4 External and Internal Radiation Dose

The total radiological dose to all receptors is calculated as the sum of the external and internal radiation
doses. External doses to all aquatic receptors result from exposure to ROPCs in water and sediment.
Wildlife receptors (heron, eagle, and mink) are exposed externally to ROPCs in air and water. The
internal dose to plants and benthic invertebrates results from the uptake of radionuclides into their tissues
from water and sediment. The internal (lose to wildlife receptors results from the uptake of radionuclides
into their tissues from ingested food, water, and sediment.

External Dose

External radiation from water and sediment will be modeled as described by Blaylock, Frank, and
2'1 eaC(1993). 5 adiaVi4n dRses wi(6Fe adMs)kH fRr We frapVpr Rf V* e QdaVOa'e reFep);ts were assup ed
to be immersed in water away from sediment or near enough to the water to receive external radiation,
resting on sediment, and immersed in sediment. Those fractions are assumed to be:

• Aquatic biota including salmonids, i.mmersed in water 0.9, resting on sediment 0.1, and immersed in
sediment 0

• Canada goose, near water 0.5, resting on sediment 0, and immersed in sediment 0
• Ppotted sandpiper, near water 0.5, resting on sediment 0, and immersed in sediment 0
• d reat blue heron, near water 0.5, resting on sediment 0, and immersed in sediment 0
• Bald eagle, near water 0.05, resting on sediment 0, and immersed. in sediment 0
• Mink, qear water 0.2, resting on sediment 0, and immersed in sediment 0
• Benthic invertebrates, immersed in water 0.1, resting on sediment 0, and immersed in sediment 0.9

The birds and mink will also be assumed to receive external radiation from air.
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The external doses (rad/d) to all aquatic receptors from water and sediment.will be calculated,
respectively, as follows:

RDExtwxreq i,nm = C.crot x DFwam, v„o,. . . : . . . . - (Eq. 8-53)

and:

RDEx4ed = Cs x DF:emn.mt (Eq. 8-54)

where:

RDExtwattt,;.m = external radiation dose from immersion in water

Cw.Mt = total activity of ROPC in ingested water (pCi/L)

DFw,te,,;m. = factor for converting activity in water to external dose from water immersion

RDExtsed = external radiation dose from sediment

Cs = activity of radionuclide in sediment (pCi/g),

DFsea;,,,e„t = factor for converting activity in sediment to external dose from sediment

3 er BWqtFk, ) rDik, Dod 2 '1 epQ1993), the externEpiRse fgtg f1f wijer (D) w, e,) is calculated as:

DFwatg,;m,,,=(1-Fs Fi.) x 0.001 x CFa x )(1-(Dp)"EpnP+(1-41r) "Binv) (Eq. 8-55)

where:

F, = fraction of time receptor spends at the sediment-water interface (unitless)

F;,, = fraction of time receptor spends buried in sediment (unitless)

0.001 = factor to convert L to g (0.001 L/ml x 1 ml/g = 0.001 L/g)

CFa = unit conversion factor, 5.11 x 10'S rad/d per pCi/g per Mes /disintegration

(Dp = absorbed fraction of energy from beta energy Ep

Epnp = average energy emitted as beta radiation (Mes per disintegration) x proportion of
disintegrations producing a beta-particle

(DY = absorbed fraction of energy from gamma energy E,

EYn, = photon energy emitted during transition from a higher to a lower energy state (Mes )
x proportion of disintegrations producing gamma radiation

The exposures of ecological receptors to ROPCs in sediment was calculated by assuming that the decay
products of all short-lived ROPCs in sediment are in secular equilibrium. The activities of eachbf the
daughter radionuclides are, therefore, equal to the activity of the parent multiplied by the fraction of the
decays in the immediately preceding generation that yield the daughter radionuclide. For example, the
activities of radium-225, actinium-225, francium-221, astatine-217, and bismuth-213 are assumed to be
equal to the activity of their parent, thorium-229. e owever, when bismuth-213 decays, 97.8 B of the
decays yield polonium-213 and 2.2 B of the decays yield thallium-209. Therefore, the activities of
polonium-213 and thallium-209 are assumed to be 97.8 B and 2.2 B, respectively, of the activity of
thorium-229. Exposure factors for the daughter radionuclides were used to calculate the summed
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exposures from the ultimate parent and all of the daughter radionuclides for both external and internal
radiation.

3 er Blaylock, Frank, and 2'1 cal (1993), the external dose factor for sediment (a c., .,Fwill be
calculated as:

a csed..oc= (0.5 x cs+ci.Fx Cca x[(1-cDpFx Epnp+(1-cDFx E,rnvl

where:

(Eq. 8-56F

0.5 = factor to account for assumption that a receptor at the sediment-water interface
receives external radiation from sediment only from below, so the dose is only half of
the dose from immersion

c s = fraction of time receptor spends at the sediment-water interface (unitlessF

c;n = fraction of time receptor spends buried in sediment (unitlessF

Cca = unit conversion factor, 5.11 x 10-5 rad/d per pCi/g per MeV/disintegration

(Dp = absorbed fraction of energy from beta energy Ep

Epnp = average energy emitted as beta radiation (MeV per disintegrationFx proportion of
disintegrations producing a (3-particle

(Dy = absorbed fraction of energy from gamma energy Ev

E,nv = photon energy emitted during transition from a higher to a lower energy state (MeVF

x proportion of disintegrations producing y radiation

Values of c s and cin are given in the second paragraph of this subsection. Value's of a c w„,,;mm and
a c 5edj.,t for each receptor and (D., Ena, Op, Epnp, d?.Y, and E,,nv for each 0 1 PC are given in Appendix
C2, tables C2-6 and C2-7, for all 01 PCs and their daughters, respectively. To calculate external
exposure to all aquatic receptors from 0 1 PCs in water and sediment, a c wa^, j^ and a c 6edi., values will
be multiplied by the modeled activities of the corresponding radionuclides in surface water and sediment
at the Columbia o iver maximum location.

Per EPA (1993bF, the external dose (rad/dFto all wildlife receptors from air will be calculated as:

o a Ext,, = C,;, x a c ai,

where:

o a Exta;r = external radiation dose from air (rad/dF

C,;, = activity of radionuclide in air (pCi/m3F

a cair = factor for converting activity in air to external dose from air

k ote: equation 8-25 first appears in section 8.2.3.4.

The external dose conversion factor for air (a c,;rFwill be calculated as follows:

aca, =3.2x lOSxaCc

(Eq. 8-25F

(Eq. 8-26F
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I where:
2

3 3.2 x 105 = conversion factor to convert Sv/s per Bq/m3 to rad/d (EPA 1993b)

4 DCF = dose conversion factor for external radiation from immersion in air (EPA 1993b)

5
6 Note: Equation 8-26 first appears in section 8.2.3.4.

7

8 For all ROPCs, values of DCF for air are given in Appendix C2, Table C2-6. To calculate external
9 exposure to all aquatic receptors from ROPCs in air, DCF values will be multiplied by the modeled

10 activities of the corresponding radionuclides in air at the Columbia River maximum location.
11
12 Per EPA (1993b), the external dose (rad/d) for all wildlife receptors from proximity to water containing
13 ROPCs will be calculated as:
14
15 RDExtw.ana, -rp^ox -

C
vc[ot x DFwarer,prox (Eq. 8-57)

16
17 where:
18
19 RDExtw,n,, p,ox = external radiation dose from proximity to water (rad/d)

20 CwcWt = total activity of ROPC in surface water (pCi/L)

21 DFw,t, P,ox = factor for converting activity in water to external dose from water

22

23 3 er BQffqtFN) rEpN]yd 2'1 eEC(1993), the extemEpiRse fg.tRr fRr wljer (D) wate,) for wildlife receptors
24 will be calculated as:
25
26 DFwatet. ptox = Cw,rot x Fucar x 0.001 x CFa XN 1-(Dv) x E^nv] (Eq. 8-58)
27
28 where:
29
30 C"'t = total activity of ROPC in ingested water (pCi/L)

31 F„e„ = fraction of time receptor spends near the water (unitless)

32 0.001 = factor to convert L to g (L/g)

33 CFa = unit conversion factor, 5.11 x 10'S rad/d per pCi/g per MeS /disintegration

34 (DY = absorbed fraction of energy from gamma energy EY

35 EYn;, = photon energy emitted during transition from a higher to a lower energy state
36 (Mes ) x proportion of disintegrations producing y radiation

37
38 s alues of DFw,t, prox for each receptor and (D,, and EYnY for each ROPC are given in Appendix C2,
39 Table C2-6, for all ROPCs. To calculate external exposure to all aquatic receptors from ROPCs in water,
40 DFwatQ, p,ax values will be multiplied by the modeled total activities of the corresponding radionuclides in
41 surface water at the Columbia River maximum location.
42
43 Internal Dose

44 The internal exposure to radionuclides is calculated from the activity in tissues rather than from the daily
45 ingestion. The internal activities of ROPCs are calculated by using BCFs and ROPC activities in
46 sediment, food, and water. fnternal radiation doses are calculated by multiplying the activity in tissues by
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the sum of alpha, beta, and gamma decay energies, where alpha and beta energies are assumed to be
completely absorbed. Because gamma rays, like X-rays, may pass through the tissues without depositing
their energy, gamma energies are adjusted to account for greater absorption by larger organisms at a given
energy level and for greater absorption by all receptors at lower energy levels. Decay energies (EPA
1993b) and absorption fractions for gamma radiation (Bllylock, ) rBpk, Ind 2 '1 e7J 1993; Sip ple Iyd
others 1997) for 0 1 PCs are given in Appendix C2, Table C2-S. c or radionuclides in sediment, radiation
by daughter radionuclides was also included in internal dose calculations. Daughter radionuclides are
produced by decay of parent radionuclides and could be expected to accumulate in sediment. Decay
energies (EPA 1993b) and absorption fractions for gamma radiation (Blaylock, ) rlpk, Iyd 2'1 eij 1993;
Pample and others 1997) of daughter radionuclides are given in Appendix C2, Table C2-7.

Per Pample and others (1997), the internal dose (rad/d) to aquatic receptors and wildlife receptors will be
calculated as follows:

o DInt = Co x De;, (Eq. 8-27)

where:

Dc N, = Cc a x(n c x Enp x cp. + Epnp x(Dp + E,n, x 0, ) (Eq. 8-28)

and:

o Dlnt = internal radiation dose from ingestion of o 1 PCs (rad/d)

C„ = activity of radionuclide in receptor tissue (pCi/g) (Eq. 8-35 and Eq. 8-39 for aquatic
biota, Eq. 8-32 through Eq. 8-34 for benthic invertebrates, Eq. 8-40 through Eq. 8-42
for Canada goose, spotted sandpiper, mink, and bald eagle)

Dc s,t = factor for converting o 1 PC activity in tissue to internal dose

Cc a = unit conversion factor, 5.11 x 10"5 rad/d per pCi/g per MeV/disintegration
n c = 5 (Kocher and Trabalka 2000), quality factor for biological effect of alpha radiation

(unitless)

E^n^ = average energy emitted as alpha radiation (MeV per disintegration) x proportion of
disintegrations producing an a-particle

(% = absorbed fraction of energy from alpha energy E.

Epnp = average energy emitted as beta radiation (MeV per disintegration) x proportion of
disintegrations producing a P-particle

Op = absorbed fraction of energy from beta energy Ep

E,n, = photon energy emitted during transition from a higher to a lower energy state
(MeV) x proportion of disintegrations producing y radiation

OY = absorbed fraction oiF energy from gamma energy E.

k ote: Equations 8-27 and 8-28 first appear in section 8.2.3.4.

Values ofDc;t for each receptor and Eana, Oa, Epnp, Op, EYny, and OY are given in Appendix C2,
tables C2-S and C2-7, for all 0 1 PCs and their daughters, respectively. To calculate internal exposure to
all aquatic receptors from ingested o 1 PCs, Dc „i values will be multiplied by the modeled activities of the
corresponding radionuclides in receptor tissues at the Columbia 0 iver maximum location.
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2 8.2.5 Exposure Variables
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The magnitude of exposure of ecological receptors to COPCs and ROPCs in environmental media
depends on various parameters and variables in the above exposure equations. These variables are
discussed in this section. The exposure variables include space and time factors correcting for the
fractiRn Rf a receptRr's tRta(kxpRsure that can Rriginate at the expRsure WatiRn (sectiRn 8.2.5.1),
variables determining the rate of ingestion and absorption of COPCs and ROPCs (section 8:2.5.2), and
factors accounting for the accumulation in tissues of substances present in exposure media or food
(section 8.2.5.3). The exposure variables for ecological receptors. are briefly discussed below.

8.2.5.1 Space and Time Factors for Exposure Calculations

c or wildlife receptors that are exposed to COPCs and ROPCs by ingestion and inhalation, the calculation
Rf expRsure reluires expRsure factRrs that Zuantify the fractiRn Rf a receptIT's expRsure Rbtained frgp the
contaminated site. A receptor may obtain only a fraction of its exposure to a contaminant from the
exposure location as a result of the receptor foraging over an area larger than the exposure location or
spending only a fraction of its lifetime at the exposure location, or both. The exposure assumptions for
use and derivation of area-use and temporal-use factors follow.

Area-Use Factor

7he A8 ) estip ates the fractiRn Rf a receptRr's expRsure that cRp es frgp the expRsure (kcatign. 7he
Ar c is the smaller of 1 and the ratio of the area of the exposure location and the area in which a receptor
lives or forages, whichever is more appropriate to the routes by which the receptor is exposed. The Ar c

is calculated as follows:

Arc=1,ifA>eR
Ar c= A/c R, ifA< e R (bq. 8-59)

where:

Ar c = area use factor (unitless)
A = area of exposure (ha)
e R = home range of the receptor (ha)

c or the Pi bRA, the Ar c will be assumed to be 1 for all receptors. This assumption is highly
conservative for wide-ranging receptors such as mule deer, coyote, red-tailed hawk, and bald eagle.

Temporal-Use Factor

There are several approaches to dealing with the temporal aspect of exposure. The first approach is to
assume, conservatively, that receptors are exposed throughout their lifetime to COPCs and ROPCs
present at the exposure location. The second approach is to estimate the Tr c as the fracGon of time each
year that a receptor is in the vicinity of the exposure location during which it forages or resides at the
exposure location. The remaining time is assumed to be.spent in an area free of contamination due to the
source being evaluated.
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1 For the SLERA, the TUF will be assumed to be 1 for all receptors. This assumption is conservative
2 because some species at each trophic level are nonmigratory year-round residents, even if the specific
3 receptor species evaluated may not be.
4

5 8.2.5.2 Uptake Variables

6 The exposure equations for ecological receptors include parameters for body weight, the ingestion rate;
7 and dietary distribution of ecological receptors and the efficiency of absorption of COPCs and ROPCs
8 from ingested media. Where possible, data was taken from published sources (especially EPA 1993c,
9 1999a) and Sample and others (1997). In some cases, measured values were not available. However,

10 EPA 1993c provides allometric equations that allow various intake parameters to be calculated from the
11 U-H.gWjs FRdy wI4gh4V7h14HHIua)4^is wHHdFI^vq Ey ILqTj,ig FuiyH )MW'Hp WuIHI SaUP FMa lldJ
12 animals with various body weights but with similar metabolic characteristics. Such parameters as total
13 food ingestion and water ingestion depend on the caloric requirements and metabolic rate of the receptor,
14 both of which are related to body weight. Allometric equations were used to calculate the water ingestion
15 rate for the western meadowlark and the total food ingestion rate for the spotted sandpiper. Source data
16 included allometric calculations of the food ingestion rate of the great blue heron and water ingestion
17 rates of coyote, red-tailed hawk, Canada, goose, spotted sandpiper, great blue heron, bald eagle, and mink.
18 Uptake variables are shown in the receptor parameter descriptions in section 8.1.3.3. a iets are discussed
19 in section 8,3.2.1.
20
21 Ingestion Rates

22 The magnitude of exposure of ecological receptors to COPCs and ROPCs in environmental media
23 depends on the rate of intake of the contaminated media. For wildlife receptors exposed by ingestion,
24 receptor-specific ingestion rates are required to estimate exposure. Published values for food
25 ingestion (IRF), soil and sediment fraction (SFr), and water ingestion (IRw) will be used to estimate
26 exposure.
27
28 Absorption Efficiency

29 6uFsVxhF1€ mgl€W R1JIuha(W Ey IFRqtgIFaQ}Fl-8)K5 atHaEslg4O and VAkHI uS In)V)NIRbiIS)K)s FlP
30 and organs to varying degrees. The efficiency of absorption depends on the relative affinity of the
31 substance for the environmental medium (soil'; particulate, sediment, water, and tissue) and on the relative
32 a1I1niWR1 )WHsuEsVrhFHIRU)NHUFFS)Kjs Wsufy. ) Ig1FRWft35 A and )WO 5 A, VfHA( IgjIngj4V
33 media will be assumed to be the same as or 100 % of the actual absorption of the contaminant in the
34 experiment or field observation used to derive the TRs . Therefore, AE does not appear in the exposure
35 equations. This assumption is conservative for COPCs and ROPCs ingested as soil, sediment, or
36 particulates in water.
37
38 8.2.5.3 Bioaccumulation Factors for Calculating Terrestrial Exposures

39 The calculation of exposure for ecological receptors may require one or more bioaccumulation and
40 transfer factors. These factors are used to estimate the concentration in the tissue of an organism from the
41 concentrations in the contaminated media to which it is exposed. Such factors are required to estimate
42 exposure for wildlife receptors, such as mammals and birds, that are exposed to COPCs andROPCs in
43 soil or water by ingestion of soil, water, plants, or soil-dwelling invertebrates or other wildlife when the
44 concentration in the ingested organism is not measured directly (Figure 8-11): In each case, the
45 . numerator of the factor must have units corresponding to the units of concentration in the medium taking
46 up the substance (tissue) and the denominator must have units corresponding to the units of concentration
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6
T

in the "source" medium (soil, water, or tissue). The rules for use and derivation of bioaccumulation or
transfer factors follow:

Direct Deposition-to-Plant Tissue Transfer Factor

The uptake of Cl IrCs and o 1 nCs by direct deposition to leaf surfaces, including transfer factors, is
discussed in section 6.5.1.

Air-to-Plant Tissue Transfer Factor
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The uptake of Cl nCs in vapor, including transfer factors, is discussed in section 6.5.2.

Soil-to-Plant Transfer Factor

The concentration in aboveground portions of plants through root uptake from soil is a function of the
Cl nC- and o 1 ne-specific soil concentration (see section 8.2.3.1) and Cl MC- or o 1InC-specific plant
BCc (SnY). The Sn4 is the ratio of the Cl it or o 1 nC concentration in plant tissue to the Cl mC or
0 1 nC concentration in soil. The Sn4 will be used to estimate the tissue concentration in plants exposed
to Cl nCs and o 1 nCs in soil from the concentration of Cl n`C or o 1 nC in bulk soil. The exposure
evaluation will consider three kinds of Smv, measured or empirically derived values, mass-limited values,
and bioaccumulation efficiency factors (Bbcs), as well as methods to calculate concentrations of
carbon-14 and tritium in plants.

Measured or Empirically Derived Values. t hen measured or empirically derived Sns s are used, the
concentrations of Cl ffCs and o 1TuCs from soil in plant tissue are proportional to the concentrations in
soil. That is:

Sn4= soil-to-plant transfer factor for Cl nC or o 1ITC [(mg/kgss„edry wt.)/(mg/kgso;r-dry
wt.)] = (kgsoa-dry wt./kgtiss. dr}' wt.)

Concentrations are estimated for plant tissues that are fed upon by wildlife receptors.

S alues of SffV are given in Appendix C2, Table C2-1. The first choice for Smv values will be
bnY1 (1999a) values and values developed using bmA methods. ribr bnY1 draft guidance (1999a) values
of SmV for organic Cl nCs for which no field or laboratory data is available are estimated using the Travis
and Arms (1988) regression on h o,:

log 63 v= 1.588 -(0.578 x log ' w) (bq. 8-60)

h ow and log h aw values are given in Appendix B1, Table B1-1. t here h ow values are not available,
default values are not used.

Travis and Arms (1988) measured soil-to-plant uptake values for 29 organic chemicals (primarily
pesticides) to establish a linear relationship between these two parameters. The equations used to
calculate Sns rely on empirical data from a few chemicals, plants, and growing media to extrapolate to
all other organic chemicals and growing situations. As noted by bn1A (1999a), this regression equation,
derived from experiments conducted on three classes of compounds (pesticides, polychlorinated
dibenzo-p-dioxins [mCa a s], and polychlorinated biphenyls [nCBs]), may not accurately represent the
behavior of all organic Cl ffCs under site-specific conditions, and further research is needed to evaluate
the applicability and limitations associated with the use of this equation for all classes of compounds.
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Per EPA draft guidance ( 1999a), recommended SPv values for inorganic elements are values published in
Baes and others ( 1984), Cappon (1981), and EPA (1992b). For COPCs and ROPCs with no published
measured or estimated data, the arithmetic average of the available SPv values for the other inorganics
will be used as the SPv (EPA 1999a).
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Mass-Limited Values. In some cases, Eq. 8-58 (Travis and Arms 1988) predicts the accumulation in
plants of more organic COPC than is deposited on the soil (see section 6.5.3.3 for a detailed discussion).
Mass-limited SPv caps were derived for organic COPCs by (1) assuming that all of the COPC emitted
from the WTP and deposited on the soil is taken up bythe plants, (2) calculating the concentration of
COPC in all of the plants in 1 mZ, and (3) dividing that concentration by the concentration of COPC in the
soil if all of the COPC is mixed in the rooting zone, which is the upper 15 cm.

The maximum possible uptake factor is calculated as shown in the following equations:

Maximum possible uptake factor =
Total COPC deposited (mg/m2) / Plant mass density (kg/mZ)

Total COPC deposited (mg/mZ) / Soil density (kg/m) (Eq. 8-61)

This equation can be reduced to:

Maximum possible uptake factor = Soil density (kg soil/m2)/Plant mass density (kg plant/m2) (Eq. 8-62)

The mass of soil per mZ is 1300 kg/m3 x 0.15 m = 195 kg/mz. The mass of plants used as food for
herbivores is assumed to be the yield of forage, which is 0.0195 kg/mz (Table 6-4). Therefore, the
mass-limited SPv is 195/0.0195 = 10,000: All of the published or calculated values of SPv presented in
Appendix C2, Table C2-1 are less than that upper limit, so the mass-limited SPv was not used.

Bioaccumulation Equivalency Factors. EPA recommends using BEFs to estimate the bioaccumulation
of PCDD and polychlorinated dibenzofa.ran (PCDF) congeners for which field or laboratory
measurements are not available. The BEF is the predicted ratio of bioaccumulation of a PCDD or PCDF
congener in soil to the bioaccumulation of 2,3,7,8-tetrachlorodioxin (TCDD) (EPA 1999a). BEFs were
used by EPA (1999a) to calculate the SFvs, BAFs, and SPs presented in Appendix C2, Tables C2-1
through C2-4, for PCDD and PCDF congeners.

Carbon-14 and Tritium. SPvs are used for all ROPCs except carbon-14 and tritium. Exposure
calculations for most ROPCs are based on the assumption that radionuclides are present as particulates or
vapors. However, special consideration must be given to carbon-14 and tritium (hydrogen-3), as these
ROPCs are processed by vegetation with natural carbon and hydrogen, respectively. Thus, the vegetation
pathways for carbon-14 and tritium are dependent on the exchange of carbon and hydrogen between
plants and the environment. For this assessment, guidance from Regulatory Guide 1.109 (NRC 1977) is
used to account for the bioaccumulation of carbon-14 and tritium in plants. This is done through the use
of correction factors, along with the assumption that all carbon-14 is released by the WTP in oxide form
(CO or C02) and tritium is released as water vapor. These correction factors are applied to the air
concentration (for example, pCi/m3) estimated at the point of exposure by the air model.

The concentration of carbon-14 in vegetation is calculated assuming that its ratio to the natural carbon in
vegetation is equal to the ratio of carbon-14 to natural carbon in the atmosphere surrounding the
vegetation as described in section 6.5.2.
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The concentration of tritium in vegetation is based on the equilibrium between moisture in the air and
water in plants as described in section 6.5.2.

Soil-to-plant uptake values are also used for aboveground protected and unprotected plant parts for human
health exposure (section 6.5.3).

Soil-to-Terrestrial Invertebrate Tissue Transfer Factor
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The concentration in terrestrial invertebrates through uptake from soil is a function of the COPC- or
ROPC-specific soil concentration (see section 8.2.3.1) and COPC- or ROPC-specific invertebrate BAF-S.
The BAF-S is the ratio of the COPC or ROPC concentration in invertebrate tissue to the COPC or ROPC
concentration in soil. The BAF-S will be used to estimate the tissue concentration in invertebrates
exposed to COPCs and ROPCs in soil from the concentration of COPC or ROPC in bulk soil. The
exposure evaluation will consider two versions of BAF-S, measured or empirically derived values and
mass-limited values.

Measured or Empirically Determined Values. The soil-to-terrestrial invertebrate tissue transfer factor
(BAF-S) is the ratio of the COPC or ROPC concentration in terrestrial invertebrate tissue to the COPC or
ROPC concentration in soil [(mg/k&ss„ewet wt.)/(mg/kgso;j-dry wt.)]. The BAF-S is used to estimate the
tissue concentration of terrestrial invertebrates exposed to COPCs and ROPCs in soil by all exposure
routes (ingestion, direct contact, and inhalation) from the concentration of a COPC or ROPC in bulk soil.
That is:

BAF-S = soil-to-terrestrial invertebrate tissue transfer factor (kgso;t-dry wt./kgdss„ewet wt.)

for soil-dwelling invertebrates, such as the worms or insects, which is an important diet item of many
omnivores, such as pocket mice and meadowlarks. Tissue concentrations will be estimated for terrestrial
invertebrates that are fed upon by wildlife receptors. Although the habitat at most of the Hanford Site is
not favorable to earthworms, earthworms are used as a representative of soil invertebrates because most
of the data about soil invertebrates pertain to earthworms. This is consistent with EPA draft guidance
(EPA 1999a), which uses measured uptake factors for earthworms to represent all soil invertebrates.

The first choice for terrestrial soil-to-soil invertebrate bioaccumulation (BAF-S) values will be field or
laboratory values and calculated values for earthworms reported by EPA (1999a). Per EPA draft
guidance ( 1999a), recommended BAF-S values for inorganic elements with no published field or
laboratory data is arithmetic averages of the BAF-S values available for other inorganics. For organic
compounds with no field or laboratory data, BAF-S values will be calculated with a regression equation
described by EPA ( 1999a):

log BAF-S = 0.819 x log Kow - 1.146 (Eq. 8-63)

This equation uses values derived from Kows and uptake by daphnids, an aquatic macroinvertebrate,
exposed to polycyclic aromatic hydrocarbons (PAHs) (Southworth and others 1978). Where no
appropriate published surrogate data is available, no default BAF-S for organic compounds is used.

BAF-S values are listed in Appendix C2, Table C2-1. Note that the earthworm data serves as proxy for
the darkling beetle and other desert terrestrial invertebrates (Figure 8-9) for which there are no known
BAF-S values.
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I Mass-Limited Values. In some cases,lBAF-S predicts the accumulation in soil invertebrates of more
2 COPC than is deposited on the soil. Mass-limited BAF-S values were derived for organic COPCs by
3 (1) assuming that all of the COPC is taken up by the soil invertebrates, (2) calculating the concentration
4 of COPC in all of the soil invertebrates in 1 m2, and (3) dividing that concentration by the concentration
5 of COPC in the soil if all of the COPC is mixed in the rooting one, which is the upper 15 cm. The
6 maximum possible uptake factor can be calculated by assuming that all of the COPC deposited in a unit
7 area of soil in. a specified time period is taken up into the mass of soil invertebrates contained in that area
8 as shown in the following equation.

10 Maximum possible uptake factor =
11 Total COPC deposited (mg/mZ) / Soil invertebrate mass density (k m) (Eq. 8-64)
12 Total COPC deposited (mg/mz) / Soil density (kg/mZ)
13
14 This equation can be reduced to:
15
16 Maximum possible uptake factor =
17 Soil density (kg soil/m) = Soil invertebrate mass density (kg soil invertebrate/m2) (Eq. 8-65)
18
19 The mass of soil per m2 is 1300 kg/m3 x 0.15 m= 195 kg/ m2. The mass of soil invertebrates per mZ is
20 assumed to be 0.04 kg/mz (Gonzalez and others 1999; average reported for Dacryodes community).
21 Therefore, the maximum possible BAF-S is 195/0.04 = 4875. The mass-limited maximum possible value
22 is the same for all organic COPCs because it does not depend on deposition rate or Kow, rather soil density
23 and mass density of the receptor. It is mass-limited or deposition-limited because all the mass deposited
24 is accumulated by the receptor. Seventeen organic COPCs had BAF-S values higher than the
25 mass-limited value; the mass-limited va7lue was substituted for those BAF-Ss in Appendix C2,
26 Table C2-1.
27
28 Transfer Factors to Mammal and Bird Tissues

29 The transfer factor to tissues (BAF-T) is the ratio of the COPC or ROPC concentrations in animal tissue
30 to the COPC or ROPC concentration in the material it ingests [(mg/kgties„&-wetwt.)/ (mg/kg ingested)].
31 The BAF-T is used to estimate the tissue concentration of animals exposed to COPCs and ROPCs by
32 ingestion of soil, water, and plants from the concentration of COPC or ROPC in the ingested material.
33 The exposure evaluation will consider two versions of BAF-T, measured or empirically derived values
34 and mass-limited values.
35
36 Measured or empirically determined values. The measured or empirically determined BAF-T is
37 defined as:
38
39 BAF-T = Tissue-to-tissue transfer factor for ingesta for COPC or ROPC (kg ingested/kgtiss„ewet wt.)
40
41 Tissue concentrations of COPCs are estimated for animals that are fed upon by wildlife receptors, and
42 tissue concentrations of ROPCs are estimated for all animals.
43
44 For medium-to-tissue accumulation factors for mammals and birds, EPA draft guidance (1999a) calls for
45 the use of Baes and others (1984) and Travis and Arms (1988) Ba values (d/kg) multiplied by the
46 , reFegtRr's aFsRQte ingestiRn rate IRr tKe p eGup (kg-p eGup /Q. 7 Kus, tKree BA) -7 vaQes are
47 calculated for each COPC and ROPC and each receptor:
48
49 BAF-T, = Ba x IRF x SFr x Bt (Eq. 8-10)
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BAF-Tp = Ba x IRF x PF x BW

BAF-T,, = Ba x IRwx BW

(Eq. 8-41)
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where:

BAF-Ts = soil-to-tissue uptake factor for receptor (kg soil/kg tissue)

BAF-TP = plant-to-tissue uptake factor for receptor (kg plant/kg tissue)

BAF-Tw = water-to-tissue uptake factor (L water/kg tissue)

Ba = ingestion-to-tissue transfer factor (d/kg)

IRF = daily food ingestion rate (kg/kg BW/d)

SFr = soil ingested per unit of food ingested (unitless)

BW = body weight of receptor (kg)

PF = fraction of diet from plants (unitless)

IRw = ingestion rate of water by receptor (L/d)

(Eq. 8-42)

Note: Equation 8-10 first appears in section 8.2.3.1 and equations 8-41 and 8-42 first appear in section
8.2.4.1.

Ba values are given in Appendix C2, Table C2-1_ BAF-T values are given in Appendix C2, tables C2-2,
C2-3, and C2-4. The first choice for Ba values for mammals was EPA draft guidance (1999a). Ba values
for inorganic COPCs and ROPCs that were not included in EPA draft guidance (1 999a) were taken from
Baes and others (1984), as recommended by EPA (1999a). When published field or laboratory values for
organic COPCs are not available for mammals, EPA (1 999a) guidance was followed by using the
following regression on Ka,v (Travis and Arms 1988) for organic compounds (except dioxins/furans):

log Ba =1og Kow -7.6 (Eq. 8-66)

Ba values for dioxins/furans presented by EPA ( 1999a) are Ba values presented in EPA (1995c). If
neither a Ba value nor a KoH, is available, no tissue concentration will be calculated..

The first choice for Ba values for birds was EPA draft guidance (1999a). Ba values for inorganic COPCs
and ROPCs that were not included in EPA draft guidance (1999a) are the same as for mammals. For
organic COPCs (except dioxins/furans) the Travis and Arms (1988)$a values for mammals were
adjusted for the lower fat content of birds. Per EPA (1999a) draft guidance, biotransfer factors for uptake
of organic compounds by birds were adjusted for body fat content by multiplying the biotransfer factor by
0.8, which is the assumed ratio of body fat in birds to body fat in mammals.

Mass-Limited Values. It is possible for Ba values to predict the accumulation of more mass of a COPC
or ROPC than is ingested by the receptor (see section 7 for a detailed discussion). The maximum possible
uptake factor can be calculated by (1) assuming that all of the COPC or ROPC deposited in a unit area of
soil in a specified time period is taken up into the food consumed by animals in that area, (2) assuming
that the food is consumed by the receptor at a uniform rate during its lifetime, (3) calculating the ingestion
rate of COPC or ROPC by the receptor, and (4) assuming that the receptor accumulates all of the COPC
or ROPC during its lifetime. The maximum possible uptake factor is calculated as shown in the
following equation:
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Maximum possible uptake factor =
COPC or ROPC concentration in receptor tissue (m¢/kg) (Eq. 8-67)

Consumption rate of COPC or ROPC (mg/d)

Assuming 100 % of the COPC or ROPC in the ingested food is transferred to the animal tissue, the tissue
concentration can be calculated as:

9 Concentration in receptor tissue = Total COPC or ROPC inesgted (mg COPC or ROPC) (Eq. 8-68)
10 Tissue weight (kg FW)
11
12 The total COPC or ROPC ingested can be expressed as:
13
14 Total COPC or ROPC ingested = Concentration in food (mg/kg) x Consumption rate of feed (kg/d) x
15 Exposure duration (d) (Eq. 8-69)
16
17 Combining equations, the general equatiion for calculating the mass limited food-to-receptor tissue uptake
18 factor can be expressed as:
19
20 Mass limited uptake factor =
21 Concentration in food (mg/k)g x Consumption rate of feed (kg/d x Exposure duration (d) (Eq. 8-70)
22 Tissue weight (kg FW) x Concentration in food (mg/kg) x Consumption rate of feed (kg/d)
23
24 This equation can be reduced to:
25
26 Mass limited uptake factor = Exposure duration (d) / Tissue weight (kg FW) (Eq. 8-71)
27
28 The maximum Ba value in Appendix C7., Table C2-1, is 53.7. Only receptors with high body weights
29 relative to the lengths of their lives could have mass-limited uptake factors less than the reported or
30 calculated Ba values, so the mass-limited Ba value will not be used for birds and mammals.
31
32 FCMs. FCMs are factors that are used to quantify bioaccumulation through the food chain. As
33 chemicals from the environment pass up the food chain, they may become successively more
34 concentrated. at each trophic level. This is especially true of organic chemicals that are not metabolized
35 rapidly. Typically, organic chemicals that dissolve in lipids bioaccumulate because they are stored in
36 body fat, and the more soluble in lipids the chemical is, the more it bioaccumulates. To model this
37 tendency quantitatively, EPA (I 995d) measured bioaccumulation factors for organic chemicals taken up
38 through the food chain from water by fish. An FCM was derived for each chemical tested by dividing the
39 observed BAF by the Koa. EPA 1995d was able to show an orderly relationship between FCM and Kow
40 for many organic chemicals taken up by fish at trophic levels 2, 3, and 4. By using this relationship, the
41 concentration of a chemical in fish tissue, normalized to lipid content, can be calculated by multiplying
42 the concentration of the chemical dissolved in water By We °/nC) Rf )Xe FKep i1.aC11nd Ey We 13{ep iFacS
43 FCM.
44
45 EPA (1995d) has published FCMs to describe the ratio of bioaccumulation from animal prey to each of
46 . the trophic levels of aquatic predators. EPA (1999a) has adopted the use of FCMs to estimate the
47 concentrations of organic COPCs in mammals and birds from ingested animal tissue. FCMs will be used
48 to calculate bioaccumulation from animal prey only. Bioaccumulation from ingested plants will be
49 calculated by using a BAF-TP (Eq. 8-9).
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2 The concentration of a contaminant in a predator will be calculated as the concentration in the prey
3 multiplied by the ratio of the predator's FCM and the prey's FCM. For example, if a coyote, which is a
4 carnivore at trophic level 4, has a diet of pocket mice, which are omnivores at trophic level 3, the
5 resulting concentration of Cl nC or o 1 nC in the coyote is calculated as the concentration of Cl nC or
6 01 nC in the mouse multiplied by the c CM for level 4 and divided by the c CM for level 3 (c igure 8-11E
7 c CMs for organic Cl IrCs are given in Appendix C2, Table C2-5. h oa and log h oe; values are given in
8 Appendix C2, Table C2-1. t here h ow values are not available, default values are not used.
9.

1 M All c CMs for inorganic Cl nCs and for o 1 nCs are assumed to equal 1.
11
12 8.2.5.4 Bioaccumulation Factors for Calculating Aquatic Exposures

13
14
15
16
17
18
19
2M
21
22
23

24
25
26
27
28
29
3M
31
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36
37
38
39
4M
41
42
43
44
45
46

The calculation of exposure for ecological receptors may require one or more bioaccumulation or transfer
factors to estimate the concentration in the tissue of an organism from the concentrations in the ,
contaminated media to which it is exposed (cigure 8-12E Puch factors are required to estimate exposure
for wildlife receptors, such as mammals and birds that are exposed to Cl. nCs and o 1 nCs in sediment or
surface water by ingestion of plants, benthic invertebrates, or aquatic biota, when the concentration in the
ingested organism is not measured directly. fn each case, the numerator of the factor must have units
corresponding to the units of concentration in the medium taking up. the substance (tissueFand the
denominator must have units corresponding to the units of concentration in the "source" medium
(sediment, water, and tissueE The rules for use and derivation of these factors follow.

Water-to-Plant Transfer Factor

The water-to-plant transfer factor (t mFis the ratio of the Cl MC or o 1 nC concentration in aquatic plant
tissue to that dissolved in water )(mg/kgesso,-wet wt.1r'(mgr fl. The t mwi11 be used to estimate the tissue
concentration of aquatic plants exposed to Cl nCs and o 1 nCs in surface water from the concentration of
Cl nC or o 1MC dissolved in surface water (c igure 8-12E That is:

t rn = water-to-plant transfer factor for aquatic plant tissue for Cl nC or o 1nC dissolved in
water (i /kgtiss„ewet wt.F

Aquatic plants will be assumed to be exposed only to the dissolved phase of contaminants in surface
water. Concentrations will be estimated for aquatic plant tissues that are fed upon by terrestrial receptors
(that is, Canada gooseF.

t mvalues presented by bM (1999aFare used if they are available. nbr bM draft guidance (1999aF,
values of t mfor organic Cl nCs for which no measured values were available were calculated with an
empirically derived equation for uptake from water by aquatic invertebrates (Pouthworth, Beauchamp,
and Pchmieder 1978E The equation is:

logt m=1v1819xlogho,,-1.146 (bq. 8-72F

s alues of t mfor inorganic Cl IrCs and 0 1 nCs for which no measured values were available were
calculated as the arithmetic mean of all available inorganic tnl;: t Invalues are presented in Appendix
C2, Table C2-1.
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Sediment-to-Plant Transfer Factor

The sediment-to-plant transfer factor (SP) is the ratio of the COPC or ROPC concentration in aquatic
plant tissue to that in sediment [(mg/kgtju„cwet wt.)/(mg/kgsed;,,,e,,, dry wt.)]. The SP will be used to
estimate the tissue concentration of aquatic plants exposed to COPCs and ROPCs in sediment
(Figure 8-12). That is:

SP = sediment-to-plant transfer factor for aquatic plant tissue (kggedw,mdrY ^./kgas:.-
wet wt.)

9
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Per EPA draft guidance (1999a), SPs are assumed to be the same as SPv values for uptake from soil by
terrestrial plants. SPs for organic COPCs are taken from EPA (1999a). For organic compounds with no
field or laboratory data, SPs are estimated using the Travis and Arms (1988) regression on Kow:

q^g 63 = 1.588 - (0.578 x Qg' ow) (Eq. 8-73)

SPs for inorganic COPCs are taken from EPA draft guidance (1999a), Baes and others (1984), and
Cappon (1981) and are provided in Appendix C2, Table C2-1. SPs for ROPCs are also taken from Baes
and others (1984) and provided in Appendix C2, Table C2-1. Values of SP for inorganic COPCs and
ROPCs for which no measured values were available were calculated as the arithmetic mean of all
available inorganic SPs.

Water-to-Fish Tissue Transfer Factor

COPCs and ROPCs are taken up by fish both directly from water and through the food chain. Direct
uptake will be calculated by using a BCF, and trophic transfer through the food chain will be calculated
by using FCMs. These factors are discussed below.

Direct Uptake. The water-to-fish tissue transfer factor (BCF) is the ratio of the concentration of COPC
or ROPC in the tissue of an aquatic receptor to the concentration in water [(mg/kgiss„ewet wt.)/(mg/L)].
The fish BCF will be used to estimate the tissue concentration of fish from the concentration in the water
to which the fish is exposed (Figure 8-12). That is:

BCFfish = water-to-fish tissue transfer factor (L/kgtias^wet wt.)

The fish tissue concentrations are estimated because fish are consumed by wildlife receptors such as
herons, bald eagles, and mink.

The first choice for BCFs for fish are values reported in EPA draft guidance (1999a) or developed using
EPA methods (EPA 1999a). For organic compounds for which no measured data were available, BCFs
for fish were calculated using the following regression on the Kow (Bintein and others 1993):

log BCFfish = 0.91 x log Kaw -1.975 x W (6.8 x 10' x Kow+ 1.0) - 0.786 (( T. 8-74)

For inorganic COPCs and ROPCs for which no measured data is available, per EPA draft guidance
(1999a), the BCFfih was estimated as the arithmetic average of available BCFfish values for other
inorganics. BCFfia, values are presented in Appendix C2, Table C2-1.

FCMs. EPA (1995d) has published FCYIs to describe the ratio of bioaccumulation from entry into the
food chain to each of four trophic levels of predators. The concentration of a contaminant in an aquatic
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predator is calculated as the concentration in the prey multiplied by the ratio of the predator's FCM and
the prey's FCM. For example, if a heron, which is a carnivore at trophic level4, has a diet of omnivorous
fish at trophic level 3, the resulting concentration of Cl nC or o IMC in the heron is calculated as the
concentration of CI it or o 1 it in the omnivorous fish multiplied by the c CM for level-4 and divided
by the c CM for level 3 (c igure 8-12E c CMs for organic Cl its are given in Appendix C2, Table C2-5.
All c CMs for inorganic Cl its and for o 1 its are assumed to equal 1.

8 Sediment-to-Animal Tissue Transfer Factor

9 The BAPC is the ratio of the Cl it or o 1 nC concentrations in benthic invertebrate tissue to the Cl RC or
I M 0 1 nC concentration in bulk sediment )(mg/kg,ss„ewet wt.P(mg/kgsedi..rdry wt.F]. The BAPc is used to
11 estimate the tissue concentration of benthic invertebrates exposed to Cl nCs and o 1 its in sediment by
12 all exposure routes (ingestion, direct contactFfrom the concentration of Cl UC or 0 1 it in bulk sediment
13 (c igure 8-12F. The tissue concentration is estimated for animals that are fed upon by wildlife receptors.
14 That is:
15
16 BAPc = sediment-to-animal tissue transfer factor (kgsedi.e„cdry wt./kgass„ewet wt.F
17
18 where the animal is typically a benthic invertebrate, such as a burrowing crustacean or insect, which are
19 important diet items of predators, such as the spotted sandpiper and certain fishes.
2M
21 BAPc s are available in the literature for only a few Cl its and o 1IrCs. The first choice for BAPc s is
22 field or laboratory values provided by the b)A (1999aF. s alues of BAPc for inorganic Cl its and
23 01 its for which no measured values are available are calculated as the arithmetic mean of all available
24 inorganic BAPc values. BAPc values are given in Appendix C2, Table C2-1.
25
26 c or organic Cl its for which no measured data is available, BAPc values for benthic invertebrates were
27 calculated per bmA (1999aFfrom the octanol water-partitioning coefficient (h owFusing the regression
28 equation for daphnids (Pouthworth and others 1978F
29
3M log BAPc = M819 x log h ow - 1.146 (( T. 8-75)
31
32 where:
33
34 BAPc = sediment-to-tissue transfer factor for invertebrate sediment biota (i /kgd,a„ewet wt.F
35 h o,, = octanol-water partition coefficient of Cl it (Appendix C2, Table C2-1F
36
37 c or organic CI its with log h o,i. values >2.6, the equilibrium partitioning approach will be used
38 (section 8.2.3.1 E Thus, the calculated BAPc will be multiplied by the calculated sediment porewater
39 concentration rather than the concentration in sediment.
4M
41 Default Bioaccumulation Values

42 a efault values for BAcs were used only when they were explicitly identified in draft guidance (bVIA
43 1999aF.
44

45 8.3 Effects Assessment Calculations

46 To s s are concentrations or doses of constituents that are associated with a specified level of adverse
47 effect, usually a no observed adverse effects level (Ni Abi For a lowest observed adverse effects level
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1. (LOAEL), for ecological receptors. TRVs are used as the denominator in hazard quotients, as shown in

2 the HQ equations (section 8.4).
3
4 8.3.1 Toxicity Reference Values for Terrestrial Receptors

5 TRVs for receptors dwelling in and, thus, exposed by direct contact with soil (plants, terrestrial
6 invertebrates) are typically values from published sources, if field observations or site-specific toxicity
7 tests of these media are not available. T'RVs are tabulated in Appendix C3.
8

9 8.3.1.1 Single Chemical TRVs for Direct Contact with Soil

10 TRVs for plants and soil-dwelling invertebrates are derived values associated with some level of
11 inhibition of growth or reproduction based on a review of published single-chemical laboratory studies
12 (for example, Efroymson and others 1997a and 1997b).
13
14 Terrestrial Plants
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Toxicity of COPCs to plants is assumed to be a result of uptake from soil into the plant tissues.
Therefore, soil concentrations that are associated with toxicity, usually under experimental conditions, are
used as TRVs. For terrestrial plant TRVs, the hierarchy of choices is values from EPA draft guidance
(EPA 1999a), then values from the Model Toxics ControZAct (MTCA) (Ecology 2001), then values from
Efroymson and others (1997a), then values in the Phytotox database (EPA 2003t).. No data were found in
MTCA (Ecology 2001) or the Phytotox database (EPA 2003f) that were not in references higher in the
hierarchy. COPCs with no TRVs will not be evaluated for toxicity, and this lack of data will be handled
as an uncertainty.

EPA draft guidance (1999a) presents 21 published plant TRVs and 7 surrogate values. The TRV of
benzo[a]pyrene was used as a surrogate TRV for PAHs for which published TRVs were not available
(EPA 1999a). For COPCs that are not included in the EPA draft guidance (1999a), TRVs were based on
a review of published single-chemistry laboratory studies (Efroymson and others 1997a). The derivation
of TRVs for terrestrial plants is presented in Appendix C3, Table C3-1, and TRVs are summarized in
Appendix C3, Table C3-8.

Terrestrial Invertebrates

Toxicity of COPCs to terrestrial invertebrates is assumed to be a result of uptake from soil into the
"^'iati:jVtLVnhV 7 hHjfRrH VI4bVIOrat4Q^that argaVj?jlatHl with tq IFlty, u)na(i$ u(^lH
experimental conditions, are used as TRVs. For terrestrial invertebrate TRVs; the hierarchy of choices
will be values from.EPA draft guidance (EPA 1999a), then values from the MTCA (Ecology 2001), then
values from Efroymson and others (199'7b), then values in published literature. COPCs with no TRVs
will.not be evaluated for toxicity, and this lack of data will be handled as an uncertainty.

EPA draft guidance (1999a) presents 16 published terrestrial invertebrate TRVs and 8 surrogate values.
Per EPA draft guidance (1999a), for PAHs for which. published TRVs were not available, the TRV of
benzo[a]pyrene was used as a surrogate TRV. For the many COPCs that are not included in the EPA
draft guidance (1999a) or t ashington State a epartment of Ecology guidance (Ecology 2001), TRVs
were based on a review of published single-chemistry laboratory studies (Efroymson and others 1997b).
The development of TRVs for.ten•estrial invertebrates is presented in Appendix C3, Table C3-2, and
TRVs are summarized in Appendix C3, Table C3-8.

Page 8-69



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

8.3.1.2 TRVs for Ingestion Exposure of Terrestrial Receptors

For wildlife receptors, ingestion TRVs will be used to calculate HQs for the ingestion exposure pathway.
For terrestrial mammal and bird TRVs, the hierarchy of choices was values from EPA (1999a) draft
guidance, then values from Sample and others (1996), then values from the ECOTOXicology Database
System (EPA 20021). COPCs with no TRVs will not be evaluated for toxicity, and this lack of data will
be handled as an uncertainty.

EPA draft guidance (1999a) presents 42 published TRVs and 3 surrogate values for mammals and
32 published TRVs and 4 surrogate values for birds. For the many COPCs that are not included in the
EPA draft guidance (1999a), TRVs were based on a review of published single-chemistry laboratory
studies (Sample and others 1996).

The outputs from the toxicity studies are subchronic or chronic NOAEL or LOAEL doses (mg/kg BW/d)
for the test species. Per EPA draft guidance (1999a), if the NOAEL is from a subchronic study, the
benchmark is adjusted downward by a factor of 10 to estimate the chronic benchmark. If the benchmark
is a LOAEL for a mortality or reproduction endpoint, it is adjusted downward by a factor of 10 to
estimate the NOAEL. A subchronic LOAEL is adjusted downward by a factor of 100 to estimate the
chronic NOAEL. The development of TRVs for terrestrial receptors is presented in Appendix C3,
Table C3-3, for mammals and Table C3-4 for birds. TRVs for all receptor species are summarized in
Appendix C3, Table C3-8.

If the desired TRV is that corresponding to the NOAEL, then the endpoint observed in the study should
be mortality or reproduction. Nonlethal or nonreproductive NOAELs are conservative, that is, lower than
necessary to protect the receptor, but are used if a NOAEL for mortality or reproduction is not available.
If the TRV is a LOAEL, then the endpoint observed in the study should be nonlethal or a nonreproductive
effect. If the observed LOAEL endpoint is mortality or reproduction, then the nonconservative nature of
the TRV should be considered in the risk characterization.

8.3.1.3 TRVs for Radiation Exposure of Terrestrial Receptors

Exposure to ionizing radiation (alpha particles, beta particles, and gamma rays) will be evaluated for
toxicity to ecological receptors. The risk of cancer as a result of exposure to ionizing radiation is not
calculated for ecological receptors because low doses of radiation typically do not induce cancer that
would be lethal before the receptors are able to reproduce. Doses that would be associated with cancer
risks that would cause marked reductions in populations would be extremely high. Instead, naturally
occurring exposures that have been associated with little or no damage to populations are used to derive
radiological TRVs.

The benchmark values for radiation given by the International Atomic Energy Agency (IAEA) (1992) are
1 mGy/d (0.1 rad/d) for terrestrial mammals and birds and 10 mGy/d ( 1 rad/d) for plants, invertebrates,
and aquatic biota. These benchmarks are confirmed in Effects ofConizzng Radiation on Terrestrial Plants
and Animals: A Workshop Report (Barnthouse 1995). Alpha radiation has a much higher effect on
biological tissue than beta and gamma radiation because of the large mass of the alpha particle. When
internal exposure is being evaluated, it is particularly important to consider the relative effectiveness of
the radiation (CCN 063808). To adjust for the greater damage done by alpha particles than by beta and
gamma radiation, a QF of 5 (Kocher and Trabalka 2000) for alpha radiation was included in the dose
calculations to evaluate exposure to ROPCs.
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8.3.2 Toxicity Reference Values for Aquatic Receptors

2 TRVs for receptors dwelling in and, thus, exposed by direct contact to sediment (benthic invertebrates) or
3 surface water (fish, aquatic biota) are typically values from published sources if field observations or
4 site-specific toxicity tests of these media are not available. The units of these values vary by source and
5 medium (for example, µg/L for surface water and mg/kg-dry wt. for sediment).
6

7 8.3.2.1 Single Chemical TRVs 1'or Direct Contact with Water and Sediment

8 TRVs for aquatic biota and benthic invertebrates are concentrations of COPCs in the medium to which
9 the receptors are exposed.

10
11 Aquatic Biota

12 TRVs for aquatic biota are, in order of preference, values published in EPA draft guidance (1999a) and
13 then other published TRVs. EPA draft guidance (1999a) presents 44 published TRVs for aquatic biota
14 and 6 surrogate values. The hierarchy of TRVs not found in the EPA draft guidance (1999a) is
15 Washington State MTCA values (Ecology 2001), National Ambient Water Quality Criteria (NAWQC)
16 (Suter and Tsao 1996), the Final Chronic Values (Suter and Tsao 1996), Great Lakes Tierll Secondary
17 Chronic Values (Suter and Tsao 1996), then toxicity values from recently published aquatic toxicity
18 literature. If there is no toxicity value for a COPC, no TRV will be listed, and this lack of data will be
19 handled as an uncertainty. The development of TRVs for aquatic biota is presented in Appendix C3,
20 Table C3-5, and TRVs are summarized in Appendix C3, Table C3-8.
21
22 Chinook Salmon and Other Salmonids

23 Salmonids comprise salmon and trout species. These species have special regulatory, economic, and
24 recreational interest in the Columbia River Basin. Chinook salmon and steelhead trout populations in the
25 Hanford Reach of the Columbia River have been designated ESUs. Salmonids are also of particular
26 cultural importance to the Native American tribes, whose way of life has inextricably included salmon
27 and trout as food throughout their history. Because of their sensitive status, salmonids will be evaluated
28 separately from other aquatic biota, and more stringent TRVs were sought for exposure of salmonids in
29 the Columbia River. EPA draft guidance (EPA 1999a) offers no specific TRV data for salmonids. Data
30 from toxicity testing of salmonids in the AQUIRE database about sensitive species EC20s presented by
31 Suter and Tsao (1996) were used whenever they were lower than the TRVs used for other aquatic biota.
32
33 Sensitive species chronic values (Suter and Tsao 1996) were used as TRVs for salmonids in preference to
34 TRVs for aquatic biota, whether or not they came from tests on salmonids. Other published toxicity
35 values for salmonids were also used as TRVs for salmonids if they were lower than the TRVs for aquatic
36 biota. These data did not necessarily meet criteria for use to calculate NAWQC but were used as highly
37 conservative screening TRVs. The derivation of TRVs for salmonids is presented in Appendix C3,
38 Table C3-6, and TRVs are summarized in Appendix C3, Table C3-8.
39
40 Benthic Invertebrates

41 TRVs for benthic invertebrates are, in order of preference, values published in EPA draft guidance
42 (1999a) and then other published TRVs. EPA draft guidance (1999a) presents 27 published benthic
43 invertebrate TRVs and 19 calculated or surrogate values. The hierarchy of TRVs not found in the EPA
44 draft guidance (1999a) is no effect levels and lowest effect levels from Persaud and others (1993), then
45 apparent effects thresholds from Ecology (1994), then values published by Ingersoll and others (1996).
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1 For COPCs whose values are not available from those sources, values and methods found in Jones, Suter,
2 and Hull (1997) were used. If there is no TRV in these sources, no TRV is listed, and this lack of data
3 will be handled as an uncertainty. The development of TRVs for benthic invertebrates is presented in
4 Appendix C3, Table C3-7, and TRVs are summarized in Appendix C3, Table C3-8.
5

6 8.3.2.2 TRVs for Ingestion Exposure of Predators of Aquatic Biota

7 TRVs for ingestion exposure of predators of aquatic biota are the same as those for terrestrial mammals
8 and birds (section 8.3.1.2). The derivation of TRVs for mammal and bird receptors is presented in
9 Appendix C3, tables C3-3 and C3-4, respectively. TRVs for all species are summarized in Appendix C3,
10 Table C3-8.
11
12
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8.3.2.3 TRVs for Radiation Exposure of Aquatic Biota

Exposure to ionizing radiation (alpha particles, beta particles, and gamma rays) will be evaluated for
toxicity to ecological receptors. The risk of cancer as a result of exposure to ionizing radiation is not
calculated for ecological receptors because low doses of radiation typically do not induce cancer that
would be lethal before the receptors are able to reproduce. Doses that wouldbe associated with cancer
risks that would cause marked reductions in populations would be extremely high. Instead, naturally
occurring exposures that have been associated with little or no damage to populations are used to derive
radiological TRVs.

For all sediment and aquatic biota, the TRV for total (external + internal) wh'ole-body radiological dose
from combined external and internal exposure for all ROPCs combined is 1.0 rad/d (IAEA 1992).
However, the TRV for aquatic wildlife receptors (that is, birds and mammals) is 0.1 rad/d.

8.3.3 Toxicity Equivalence Factors for Dioxins, Dibenzofurans, and PCBs

Chlorinated dioxins, chlorinated dibenzofurans, and chlorinated biphenyls are evaluated as a group
because they are thought to act through a common mechanism of toxicity. These chemicals are thought to
act by binding to a protein known as the arylhydrocarbon receptor (AR) (see ATSDR 1997 or
WHO 1998). The AR-ligand complex is responsible for the activation of genes that have a deleterious
I4IIF%WhI-p WFY DHnRV0ndH SrRSH rI-TuQA4^l EJ *Fp"FFIS)W' VhRP RnHJ 'nVI}V& R1 diRxinVD'd
similar compounds with AR, therefore, can cause immunological, neurological, endocrine, embryotoxic,
and other effects.

The similarity in action of these compounds is thought to result from their structural similarity. Dioxin is
composed of two benzene rings joined by two carbon-oxygen-carbon bonds on two adjacent carbons of
each benzene ring. Dibenzofurans have two benzene rings joined by a carbon-oxygen-carbon bond and a
carbon-carbon bond on two adjacent carbons of each benzene ring. Biphenyls consist of two benzene
rings joined by a single carbon-carbon bond. To form the polychlorinated derivatives, chloro groups are
attached at various locations, as designated in the names of the compounds. Benzene rings are planar
(flat) in conformation. Because two adjacent carbons on each benzene ring are joined irtdioxins and
dibenzofurans, both benzene rings are held in the same plane, and the chloro groups are also in that plane.
Therefore, these molecules are said to be coplanar. The coplanar structure appears to be essential for
interaction with AR. The benzene rings in biphenyl can rotate relative to each other, unless there are
added groups that interfere with rotation (such as 2,2',6,6'-chloro groups, which occupy the carbons
immediately on both sides of the carbon-carbon bond joining the rings). PCB congeners that are able to
form a coplanar molecule (and are called coplanar PCBs) can interact with AR when they are in that
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configuration. Therefore, coplanar PCBs are included among the COPCs with similar action to dioxins
and dibenzofurans.

EPA has recommended that toxicity equivalence factors (TEFs) be used to evaluate the cumulative
toxicity of chlorinated dioxins, chlorinated dibenzofurans, and chlorinated biphenyls. Because these
contaminants have a common mechanism of action, it is assumed that their toxicity to biota is additive
(WHO 1998, EPA 1999a). That is, the'toxicity of all dioxins, dibenzofurans, and PCBs should be added.
Furthermore, their relative potency as chronic toxins is assumed to be related to the degree of affinity for
AR, which can be measured much more conveniently than chronic toxic effects. TEFs have been
proposed for several chlorinated dioxins, chlorinated dibenzofurans, and chlorinated biphenyls (WHO
1998, EPA 1999a), always assigning the toxicity of TCDD, the most potent chlorinated dioxin, a TEF of
1.0. Separate lists were developed for mammals, birds, and fish, and these lists are presented in
Table 8-2.

TEFs are reported in Table 8-2 for individual PCB congeners (such as 2,3,3',4,4',5-hexachlorobiphenyl),
but analytical values for individual congeners in the exposure media are sometimes not available. It is
also possible to calculate TEFs for Aroclors, which are mixtures of PCB congeners, using the typical
composition of Aroclor mixtures (Hutzinger, Safe, and Zitko 1983).

Using TEFs, HQs can be calculated for chlorinated dioxins, chlorinated dibenzofurans, and PCBs for
Zhil;h 759sDB(0^yrjQft 7hI4759 IRU7C' ' isdividglEy*HC23C's7() )MpL@i(Lj"
equivalent TRs of TCDD. The TCDD-equivalent TRs of the COPC is then used to calculate the HQ for
the COPC. Because the mechanism of action of these compounds is thought to be the same, the
TCDD-equivalent HQs are added to determine the hazard index (H1) for the set of dioxins and
dibenzofurans.

8.4 Risk Characterization

Risk estimates for a receptor at an exposure location are calculated as the HQ, which is the ratio of the
estimated exposure to the TRs . That is:

HQ = Estimated Exposure/TRs

The HQ is an index of the total risk to the receptor from exposure to the COPC if the COPC does not
occur in the environment from any other source and if the home range of the receptor is smaller than the
area of the exposure location, that is, if the AUF = 1.

The HQ equation takes different forms depending on how the receptor is exposed, which also determines
how the TRs is expressed. In the Si ERA for the WTP, the exposure to ecological receptors will be
either a media concentration (EPC), an average daily dose of a COPC (ADD), or a daily total (external +
internal) whole-body radiological dose (R).

8.4.1 Terrestrial Receptors

For receptors living in soil (such as plants and terrestrial invertebrates), the HQ will be calculated as the
ratio of the concentration of COPC in soil and the TRs for the receptor and the COPC. That is:

HQ = Cs/TRs (Eq. 8-76)
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where:

HQ = hazard quotient for the receptor at its exposure location for the COPC (unitless)

Cs = concentration of the COPC in soil at the exposure location (mg/kgso;l)

TRV = toxicity reference value of the receptor for the COPC.(mg/kgso;l)

The HQ for a wildlife receptor that does not live in the medium containing COPCs, but is exposed by
ingestion and other routes, will be calculated as the ratio of the ADD and the TRV. That is:

HQ = ADD/TRV . (Eq. 8-77)

where:

ADD = average daily dose of the COPC to the receptor at the exposure location (mg/kg BW/d)
calculated using the concentration of the COPC at the exposure location

TRV = toxicity reference value of the. COPC for the receptor (mg/kg BW/d)

The second equation will be used to estimate risk for the wildlife receptors in the terrestrial food web:
mule deer, mourning dove, Great Basin pocket mouse, western meadowlark, coyote, burrowing owl, and
red-tailed hawk.

8.4.2 Aquatic Receptors

For receptors living in surface water or sediment (for example, aquatic life and salmon and other fish
living in surface water, and benthic organisms living in sediment), the HQ will be calculated as the ratio
of the measured concentration of COPC in the medium and the TRV. That is:

HQ = C/TRV (Eq. 8-76)

where:

HQ = hazard quotient for the receptor at its exposure location for the COPC (unitless)

C = concentration of the COPC in water or sediment at the exposure location (pg/L, mg/L,

µ€/kg, or mg/kg)

TRV = toxicity reference value of the COPC for the receptor (µg/L, mg/L, µg/kg, or mg/kg)

Note: Equation 8-76 first appears in section 8.4.1.

The HQ for a wildlife receptor that does not live in the surface water or sediment containing the COPCs
but is exposed from aquatic food webs by ingestion, inhalation, and other routes is calculated as the ratio
of the estimated ADD (mg/kg BW/d) to the TRV (mg/kg BW/d). Thatis;

HQ = ADD/TRV (Eq..8-77)

Note: Equation 8-77 first appears in section 8.4.1.
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I The above equation will be used to estimate risk for the wildlife receptors in the aquatic food web:
2 Canada goose, spotted sandpiper, great blue heron, bald eagle, and mink.
3
4 8.4.3 Hazard Index

5 The HI for a receptor at a given exposure location is the sum of the HQs for all COPCs with similar
6 modes of toxicity and is an index of the combined risk from exposure to multiple COPCs. A preliminary
7 classification of inorganic COPCs grouped arsenic, antimony, selenium, and vanadium as respiratory
8 inhibitors; lead, manganese, and mercury as central nervous system inhibitors; and aluminum, chromium,
9 and nickel as deoxyribonucleic acid (DNA) and protein reactors. Organic COPCs are typically grouped

10 by chemical structure: volatile organic compounds (VOCs), PAHs, organochloride pesticides, and PCBs.
1 I These chemical groupings are based on experience. However, for the SLERA, HQs for all organic
12 COPCs, all inorganic COPCs, and all ROPCs, regardless of mode of actions, will be grouped and
13 summed because such summing represents the most conservative case. When the HI exceeds 0.25,
14 additional HIs by mode of action will be developed with approval of Ecology if a scientific management
15 decision so indicates. The HI for a receptor at an exposure location is calculated from the HQs for the
16 individual COPCs as follows:
17
18 HI = E HQ (Eq. 8-78)
19
20 where:
21
22 HI = hazard index for the receptor at the exposure location (unitless)

23 HQ = hazard quotient for the receptor at the exposure location for each COPC (unitless)

24
25 Calculating HI assumes an additive effect on receptors from the summed COPCs.
26
27 The HQ equation for receptors exposed to ROPCs is equivalent to an HI because the dose from all
28 radionuclides is summed to estimate the total-body dose from internal and external exposures.
29
30 The threshold value for HQs and His for COPCs will be 0.25, unless a similar mode of action can be
31 demonstrated and approved by Ecology. HIs for organic COPCs, inorganic COPCs, and ROPCs will not
32 be added together.
33
34 8.5 Reporting of Major Ecological Risk Findings

35 Risk characterization will be reported in such a way as to meet three goals identified in EPA guidance
36 (EPA 1999a); it: (1) provides the maximum, most c1jQUvE*HFBR\nrH-I* OU (2) "1d1QU4,Vwh1¢h
37 S131WD'VI3IIdr1vIqrLxAI`gFpIllc )KDC'.2 3 CDQirI-THiW". BQI (3) "rWVr1V4P 1;QDaP H^NV1R^'WK
38 EHSrIRrI}1;tH1.°" 7 hgchIJlT)Rlzl34zQµ'IMQWSrI^WIOICBVIQ)UP VRI WHl'gn'RgrINSV
39 represented rather than individual recepl:or species. c or example, ifthere is excess risk to the d reat Basin
40 pocket mouse, the result will be interpreted as indicating potential harm to small omnivorous mammals in
41 general.
42
43 The following outline of headings is proposed for the PRA:44

45 • Current Risk for Terrestrial Conditions: Central Plateau

46 - Onsite d round Maximum Location
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a Organid COPCs

b Inorganic COPCs

c ROPes

- Offsite Gxound Maximum Location

a Organic COPCs

b Inorganic COPCs

c ROPCs

- Gable Mountain Maximum Location

a Organic COPCs

b Jnorganic COPCs

c ROPCs

• Current Risk for Aquatic Conditions: Columbia River

- Columbia River Maximum Location

a Organic COPCs

b Inorganic COPCs

c ROPCs

• Future Risk

- Terrestrial Conditions

- Aquatic Conditions

At each location, every COPC that exceeds an HQ of 0.25 will be identified along with the receptor for
which the exceedance occurs. In addition, locations and receptors for which HIs exceed 0.25 will be
identified, and for each such combination, COPCs whose HQs exceed 0.025 will be identified as
significant contributors to the M. If the results of the SLERA indicate that one or more COPC or ROPC
is a potential hazard (that is, HQ > 0.25), then exposure and toxicity information for that COPC will be re-
evaluated to determine whether the evaluation was overly conservative. Evaluation of sources and
pathways will help identify which pathways drive the risk. This information willallow risk managers to
prioritize further investigation.

Evaluation of HQs, HIs, sources, and pathways will be done for the PRA as well as the FRA within the
SLERA.

8.6 Uncertainty in Ecological Risk Assessment

Evaluation of uncertainties is part of the SLERA process (EPA 1998c). Uncertainties in each of the four
interrelated steps of the EPA approach to the SLERA will be discussed as follows:

• Problem formulation

• Exposure assessment

• Effects assessment

• Risk characterization
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